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PREFACE. 


The  present  volume  contains  descriptions  of  the  following  groups  of  Indian  fossil 
mammals ; viz.y  the  rhinoceroses  and  horses ; certain  Proboscidia ; the  giraffe-like 
and  sivatheroid  animals ; a group  of  Pig-like  Artiodactyle  Ungulates ; and  the 
Carnivora.  It  will  thus  be  seen  that  the  order  of  the  parts  follows  no  systematic 
arrangement ; the  different  groups  having  been  taken  up  as  materials  accumulated. 
It  will  also  be  noticed  that  in  the  majority  of  cases  the  remains  described  are  either 
teeth,  jaws,  or  skulls;  this  circumstance  being  due  to  the  following  causes.  In  the 
first  place,  since  the  remains  of  Siwalik  animals  are  nearly  always  found  disassociated, 
with  the  long-bones  generally  broken,  while  in  many  of  the  genera  there  are 
numerous  species  often  closely  agreeing  in  respect  of  size,  there  is  usually  no  kind 
of  clue  towards  assigning  individual  bones  to  their  respective  species,  even  when 
they  are  generically  determinable ; so  that  under  these  circumstances  in  many 
instances  nothing  would  be  gained  by  describing  them.  In  the  second  place,  the 
quantity  of  remains  of  Siwalik  vertebrates  in  the  Indian'  Museum  is  so  great  that 
to  attempt  a description  of  anything  like  the  whole  collection  would  simply  swamp 
the  present  arrangements  for  publication.  The  plan  hitherto  followed  has  been  to 
describe  the  more  important  and  characteristic  remains  of  each  species,  in  the 
manner  best  adapted  in  the  writer’s  opinion  to  display  its  general  affinities. 
It  is  only  by  adopting  some  such  restrictions  that  it  will  be  possible  (if  the  present 
arrangement  be  continued)  to  give  a general  survey  of  the  whole  Siwalik  Fauna. 

It  is  hoped  that  palaeontologists  will  find  the  execution  of  the  plates  of  the  last 
two  parts  more  satisfactory  than  some  of  those  of  the  earlier  parts,  many  of  which 
were  drawn  and  lithographed  by  native  artists. 

In  regard  to  the  same  parts,  I have  to  return  my  thanks  to  Dr.  Henry 
Woodward,  LL.D.,  F.R.S.,  Keeper  of  the  Gfeological  Department  of  the  British 
Museum,  for  access  to,  and  the  liberty  to  figure  the  specimens  under  his  charge. 
To  Prof.  Flower,  LL.D.,  F.R.S.,  Curator  of  the  Museum  of  the  Royal  College  of 
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IV. 


Surgeons,  for  permission  to  figure  specimens  in  that  collection,  and  for  free  access  to 
the  whole  of  the  same.  To  Dr.  Gunther,  M.A.,  F.R.S.,  Keeper  of  the  Zoological 
Department  of  the  British  Museum,  for  free  access  to  the  osteological  collection  of 
that  institution.  To  Mr.  William  Davies,  F.G.S.,  of  the  British  Museum,  for  much 
valuable  information  regarding  the  Siwalik  Carnivora  in  the  National  Collection. 
To  Prof.  V.  Ball,  M.A.,  F.R.S.,  Director,  and  Mr.  A.  G.  More,  Curator  of  the 
Science  and  Art  Museum,  Dublin,  for  the  opportunity  of  examining  the  Siwalik 
Carnivora  in  that  collection.  To  Dr.  J.  E.  Taylor,  Ph.D.,  Curator  of  the  Ipswich 
Museum,  for  permission  to  figure  an  important  specimen  in  that  collection.  To 
Prof.  George  Busk,  M.D.,  F.R.S.,  for  the  opportunity  of  figuring  a specimen  lately 
in  his  possession,  and  now  presented  to  the  British  Museum.  To  the  Publishing 
Committee  of  the  Zoological  Society,  to  the  Council  of  the  Geological  Society,  and 
to  the  Chief  Librarian  of  the  British  Museum,  for  permission  to  reproduce  woodcuts 
from  their  publications.  My  thanks  are  also  due  to  numerous  palaeontologists  for 
copies  of  their  memoirs  on  fossil  mammals ; and  to  the  Editorial  Staff  of  the 
“ Geological  Record,”  for  the  opportunity  of  seeing  the  manuscript  of  several  of  the 
forthcoming  volumes. 

In  answer  to  several  inquiries  why  the  English,  in  place  of  the  decimal,  system 
of  mensuration  has  been  adopted,  I may  state  that  this  course  has  been  followed  in 
order  to  bring  this  work  into  harmony  with  the  “ Fauna  Antiqua  Sivalensis.” 

I cannot  conclude  without  expressing  my  sense  of  the  high  value  for  palaeonto- 
logical purposes  of  the  two  following  memoirs ; viz.,  one  by  Prof.  Busk,  11  On  the 
Cranial  and  Dental  Characters  of  the  existing  species  of  Hyaena”;  and  the  other  by 
Prof.  Huxley  “ On  the  Cranial  and  Dental  Characters  of  the  Canidae.”  It  is  to  be 
hoped  that  other  families  may  be  treated  in  the  same  manner. 

It  should  be  observed  that  in  the  earlier  parts  the  names  of  the  founders  of 
species  are  universally  enclosed  in  brackets  : in  the  latter  parts  they  are  only  so 
enclosed  when  the  generic  name  has  been  changed. 

RICHARD  LYDEKKER. 

The  Lodge, 

Harpenden, 

Hertfordshire, 
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ADDENDA  AND  CORRIGENDA.1 


Page  5-7.  The  range  in  time  of  the  rhinoceroses  of  the  later  European  tertiaries,  according  to  Prof. 
Boyd  Dawkins,2  should  be  as  follows,  viz. : — 

R.  etruscus.  Up.  pliocene  to  lower  pleistocene. 

R.  leptorhinus,  Ow.  Mid.  and  upper  pleistocene. 

R.  megarhinus,  Christ.  Low.  pliocene  to  mid.  pleistocene. 

R.  iichorhinus.  Mid.  and  upper  pleistocene. 

,,  21,  line  17  from  top  for  occididenlale  read  occidental . 

,,  60,  ,,  9 ,,  ,,  ,,  Geraund  ,,  Gerand. 

,,  76.  In  the  table  of  measurements  the  premolars  numbered  1st,  2nd,  3rd,  should  be  2nd,  3rd,  4th. 

„ 100,  line  18  from  top  for  Qrasius  read  Orasius. 

,,126,  ,,  16  ,,  bottom  ,,  proximals  ,,  proximal. 

,,  134,  ,,  13  ,,  ,,  ,,  bar  ,,  base. 

,,  140,  ,,  2 ,,  top  ,,  Mesace/ops  ,,  Megacerops. 

,,  146.  According  to  Prof.  Gaudry,  it  is  Palceochcerus , rather  than  Hyotherium,  which  is  nearest  to 
Dicolyles : it  is,  however,  probable  that  the  two  fossil  genera,  together  with  Choeromorus, 
should  be  united.  Amphichcerus  is  a synonym  of  Hyotherium. 

,,  149,  top  line  after  Up.  eocene  add  and  low.  miocene. 

„ 164,  line  12  from  top  for  Gandri  read  Gandoi. 

„ 171,  ,,  15  ,,  bottom  ,,  Laki  ,,  Laki. 

„ 189,  „ „ „ „ „ II.  „ A. 

,,  211,  ,,  11  ,,  top  „ caudivolus  „ caudivolvulus . 

VOLUME  I. 

„ 283-284  (and  elsewhere)  the  range  in  time  of  the  three  following  species  of  probosci  dians  should 
according  to  Prof.  Boyd  Dawkins,3  be  as  follows,  viz. : — 

. Mastodon  arvernensis.  Pliocene.  I 

Elephas  meridionalis . Up.  pliocene  and  low.  pleistocene. 

,,  antiquus.  Pleistocene.4 
,,  286,  line  18  from  top  for  India  read  Asia. 

In  description  of  plate  XLVI.,  fig.  4,  for  true  molar  read  milk-molar. 


1 A few  self -apparent  misprints  (especially  in  pt.  IV.,  of  which  the  writer  did  not  see  the  final  revise)  have  been  left 
uncorrected.  ' 

2 1 Quart.  Journ.  Geol.  Soc.,’  vol.  XXXVI.,  p.  370,  et.  srq.  This  memoir  had  not  reached  the  writer  when  pt.  I.  was 
sent  to  press.  It  should  he  observed  that  the  lower  pliocene  of  Prof.  Dawkins  does  not  include  the  Pikermi  beds  ; which,  if 
classed  in  that  period,  may  he  termed  ‘ Lowest  pliocene  ’ ( ride  infra  “Introductory  Remarks”). 

3 Op.  cit.  It  may  be  observed  in  self -justification  that  the  geological  ages  of  the  two  species  of  elephant  given  in  the 
first  volume  were  taken  from  Falconer’s  table  (“  Pal.  M em  vol.  II.,  pp.  14-15) : the  present  writer  not  being  then  aware 
of  the  incorrectness  of  many  of  the  statements  contained  therein. 

4 The  pleistocene  age  of  this  species  invalidates  the  connection  between  the  geological  age  and  the  ridge-formula  of  the 
species  of  Elephas  noticed  in  vol.  I.,  p.  288  : and  also  the  inference  as  to  E.  antiquus  being  older  than  E.  namadicus  mentioned 
in  note  2,  p.  281. 


INTBODUCTOBY  OBSEBVATIONS. 


American  rhinoceroses. — Since  the  first  part  of  this  volume  was  written  a memoir 
by  Prof.  Cope1  has  come  under  the  writer’s  notice,  in  which  the  conclusion  is  arrived 
at  that  none  of  the  American  hornless  rhinoceroses  should  be  referred  to  the 
European  genus  Aceratherium .2 : they  are  now  classed  as  follows,3  viz. : — 

Genus  I. : Peracebas,  Cope. 

I.  J,  C.  -J,  Pm.  I,  M.  Digits? 

Peraceras  super ciliosus,  Cope. 

,,  malacorhinus , Cop e.=  Aphelops  malacorhinus , Cope. 

Genus  II. : Aphelops,  Cope. 

I.  A C.§,  Pm.  I,  M.  f.  Digits  g. 

Aphelops  meridianus  (Leidy). 

,,  megalodus , Cope. 

,,  fossiger , Cope. 

Genus  III. : Canopus,  Cope. 

I.  f,  Cg,  Pm.  I,  M.  f.  Digits  g. 

Ccenopus  mills,  Cope. = Aceratherium  mite , Cope. 

The  European  genus  Aceratherium  has  the  dental  formula  of  Ccenopus  or  Aphelops , but 
the  digits  (in  the  type  species)  are-g. 

The  present  writer  being  strongly  opposed  to  the  great  multiplication  of  genera, 
as  tending  to  obliterate  the  affinities  of  animals,  would  prefer  to  unite  the  whole  of 
these  three  new  genera  with  Aceratherium ; giving  them  at  the  most  sub-generic 
value.  The  differences  in  their  dentition  are  not  greater  than  those  found  in  the 
existing  rhinoceroses,  which  the  writer  likewise  unites  under  one  genus ; the  terms 
Atelodus , Ceratorhinus,  etc.,  being  used,  if  at  all,  as  of  subgeneric  value.4  The 

1 “Amer.  Nat.,”  pp.  540-610. 

2 It  appears  to  be  the  custom  now  to  spell  this  name  Aceratherium , in  place  of  Aceratherium. 

3 The  outer  so-called  lower  incisor  is  probably  a canine. 

4 Among  both  the  tetralophodont  and  trilophodont  mastodons  there  are  some  forms  with  a produced  mandibular  symphysis 
furnished  with  incisors,  while  in  others  the  symphysis  is  short  and  edentulous.  Both  of  these  forms  (belonging,  be  it 
remembered,  to  distinct  subgeneric  groups)  would  be  quite  as  well  entitled  to  generic  distinction,  as  the  various  forms  of  American 
aoeratheres.  If  the  writer  were  rewriting  the  first  volume  of  this  work,  he  would  drop  the  names  Siegodon,  Loxodon,  and 
Euelphas,  and  merely  retain  the  generic  name  Elephas.  He  would  also  pursue  much  the  same  course  with  the  Bovidce  ; using 
the  term  Bos  in  its  old  Linnean  sense. 
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presence  of  a small  fourth  anterior  digit  in  (at  least  some  of)  tlie  European  Aceratheria 
need  not,  in  the  writer’s  opinion,  he  reckoned  as  a character  worthy  of  generic 
distinction.  In  the  Indian  A.  perimense  the  feet  are  unknown,  and  it  is,  therefore, 
impossible  to  say  whether  it  may  not  have  belonged  to  one  of  the  American  so-called 
genera.1 

The  statement  on  page  9,  note  2,  that  the  post-tympanic  and  post-glenoid 
processes  of  the  squamosal  of  Aceratherium  appear  to  be  united  interiorly  has  been 
found  to  be  incorrect.2 

It  is  stated  by  Prof.  Cope3  that  “it  is  possible  that  a species  of  Aphelops  still 
exists,  in  some  of  the  Indian  islands  in  tlie  Rhinoceros  inermis , Less.”  The  present 
writer,  from  having  seen  in  Calcutta  specimens  of  the  Javan  rhinoceros  with  a very 
minute  horn,  is  strongly  inclined  to  think  that  the  so-called  R.  inermis  is  the  same  as 
that  species.  The  existence  of  that  form,  together  with  some  of  the  miocene 
European  species,  probably  indicates  that  there  is  really  no  distinction  between 
Aceratherium  (in  the  sense  in  which  it  is  used  here)  and  Rhinoceros ; although  the 
retention  of  the  former  is  convenient. 

A separate  genus,  Diceratherium,  Marsh,  has  been  formed  for  the  reception  of 
Aceratherium  pacificum  (Leidy),  and  Rhinoceros  oregonensis,  Marsh,  and  is  said  to 
include4  the  European  Rhinoceros  pleuroceros,  Duvernoy,  which  in  the  present  volume, 
after  Kaup5  and  Brandt,  has  been  included  with  Aceratherium  minutum ; although 
regarded  by  others  as  distinct.6 

Rhinoceros  mercld. — In  the  list  on  pages  5-6  Rhinoceros  mercld , Jager,  is  given  as 
a synonym  both  of  R.  etruscus , Falc.,  and  R.  leptorhinus,  Owen.  In  the  former 
instance  it  should  have  been  /?.  mercld , Meyer,  which  is  not  the  same  as  Jager’s  species.7 

Additional  species  of  Aceratherium. — -To  the  list  of  species  of  Aceratherium  given 
on  page  4 add — 

17.  Aceratherium  velaunum8  (Aymard).  Low.  miocene,  Europe. 

Rhinoceros  cuvieri  (?),  Aymard.  Rhinoceros  velaunus,  Aymard. 

Ronzotherium  velaunum,  Aymard. 

Names  of  the  existing  Asiatic  rhinoceroses. — It  is  well  to  mention  that,  on  the 
grounds  of  priority,  the  proper  names  of  the  three  well-determined  species  of  Asiatic 
rhinoceroses  are  undoubtedly  R.  sondaicus , R.  sumatrensis , and  R.  unicornis : the  names 
R.  javanicus,  R.  sumatrensis , and  /.’.  indicus  are,  however,  so  convenient,  as  being 
exactly  equivalent  to  the  terms,  Javan,  Sumatran,  and  Indian  rhinoceroses,  that  the 
first  and  third  have  been  adopted  in  place  of  R.  sondaicus  and  R.  unicornis. 

1 The  present  •writer  has  been  sharply  pulled  up  by  Messrs.  Scott  and  Osborn  (“  Contributions  from  the  E.  M. 
Museum  of  Geology  and  Archaeology  of  Princeton  College  ” — Bui.  Ho.  3,  p.  21,  Princeton,  U.S.A.)  for  including  Aphelops 
with  Aceratherium.  The  writer  maintains  that  it  was  his  only  course,  as  the  distinctions  between  the  two  (apart  from  the 
views  mentioned  above)  are  not  of  general  applicability. 

2 Scott  and  Osborn,  loc.  cit.  3 “ Amer.  Hat.,”  Dec.,  1879,  p.  771b.  4 Ibid,  p.  771h. 

5 Kaup,  “ Beitrage,”  pt.  I.  p.  3. 

6 See  Gaudry,  “ Les  Enchainements  du  Monde  Animal,  etc. — Mammiferes  Tertiaires,”  pp.  76-6. 

7 See  Forsyth -Major,  “ Supra  alcuni  Rhinoceronti  fossili  in  Italia.”  ‘ Boll.  R.  Com.  geol.  Ital.,’  1874,  p.  94. 

8 Filhol,  “Etude  des  Mammiferes  Fossiles  du  Ronzon.”  “ Ann.  Sci.  Geol.”  vol.  XII.,  art.  3 (reprint),  p.  76,  1881. 
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Hippotherium. — The  generic  name  Hippotherium,  in  place  of  the  older  Hipp avion, 
has  been  mainly  adopted  in  conformity  with  the  usage  of  the  “Fauna  Antiqua 
Sivalensis  of  which  this  work  is  to  be  regarded  as  a continuation. 

One  of  the  equine  bones  from  Hundes,  in  Tibet,  noticed  on  page  68,  is  a 
cannon-bone,  now  in  the  collection  of  the  Geological  Society,  and  evidently  belongs 
to  Hippotherium.  If  the  Hundes  beds  are  pleistocene,  it  is  the  only  known  instance 
of  the  occurrence  of  the  genus  in  that  period. 

Additional  species  of  Equus  and  Hippotherium. — To  the  list  of  species  of  Equus 
given  on  pages  71-2  add — 

Equus  t^niopus,1  Heuglin.  Recent,  North  Africa. 

About  the  time  that  the  third  part  of  this  volume  was  in  the  press,  a new  species 
of  horse,  said  to  be  allied  to  the  zebras,  was  described  from  the  pleistocene  of  S. 
America,  under  the  name  of  E.  lundi,  Boas.2  Since  the  publication  of  the  same  part 
a new  species  of  zebra,  inhabiting  Shoa  and  the  adjacent  districts  of  that  part  of 
Africa,  has  been  described  by  M.  A.  Milne-Edwards3  under  the  name  of  E.  grevyi. 
Assuming  this  form  to  be  distinct  from  the  allied  E.  zebra  of  South  Africa  (not 
improbably  extinct)  these  additions4  make  the  number  of  species  of  Equus  25  (of 
which  10  are,  or  were  recently,  living),  the  African  species  7,  and  the  American  12. 
A new  species  of  Hippotherium  has  been  described  by  Prof.  Leidy5  from  Panama, 
under  the  name  of  H.  montezuma. 

Connection  between  Hippotherium  and  Equus. — It  may  be  noticed  in  reference  to  the 
observations  on  page  7 9 that  there  is  in  the  British  Museum  the  metatarsus  of  a 
hippothere  from  Eppelsheim,  in  which,  while  the  lateral  bone  is  fully  developed  on 
one  side,  on  the  other  it  is  extremely  small,  though  extending  along  the  whole  length 
of  the  ‘ cannon-bone.’  This  instance  looks  much  like  the  incipient  disappearance  of 
the  lateral  digits,  and  indicates  a transition  from  the  hippotherian  to  the  equine  type. 
It.  has  been  observed  by  Prof.  Flower6  that  in  many  of  the  instances  of  polydactylism 
among  existing ' horses,  the  additional  digit  (for  there  is  usually  but  one  developed) 
is  due  to  a splitting'  of  the  mesial  digit,  and  cannot  therefore  be  regarded  as  in  any 
sense  a reversion  towards  Hippotherium..  In  many  of  these  instances,  moreover,  the 
supplementary  digit  is  on  the  inner  side  ; whereas  in  other  perissodactyles  the  inner 
digits  disappear  before  the  corresponding  outer  ones.  In  a polydactyle  horse  from 
Bagdad,  of  which  the  right  pes  is  figured  by  Mr.  J.  Wood-Mason,7  the  supplementary 

1 See  Sclater,  ‘Pro.  Zool.  Soc.,’  1864,  p.  374. 

2 “ Om  en  fossil  Zebra.1’— ‘ Mem.  Acad.  Roy.  Copenhagen,’  6th  ser.,  Classe  des  Sciences,  vol.  I.,  1881,  p.  307. 

3 See  1 La  Nature,’  No.  470  (3rd  June,  1882)  ; ‘ Pro.  Zool.  Soc.,’  1882,  p.  721 : Ibid,  1883,  p.  175. 

4 From  his  own  observations  on  their  skulls  the  writer  is  disinclined  to  accept  the  views  of  some  zoologists  as  to  the 
specific  identity  of  all  the  wild  asses  of  Asia.  See  W.  T.  Blanford,  “Eastern  Persia,  etc.,”  London,  1876,  vol.  II.,  p.  84. 
Equus  hemippus,  Geoff r.,  St.  Hil.,  of  Syria  is  by  some  regarded  as  distinct  from  E.  onager , under  which  its  name  should  be 
put  on  page  72,  instead  of  under  E.  hemionus. 

5 ‘ Pro.  Ac.  Philad.,’  1882,  p.  290. 

6 Lectures  on  the  Anatomy  of  the  Horse ; Royal  College  of  Surgeons,  1883  _ 

7 ‘ Pro.  Asiat.  Soc.,’  1871,  p.  18,  pi.  I. 


Xll. 


INDIAN  TERTIARY  AND  POST-TERTIARY  YERTEBRATA. 


digit  is,  however,  the  outer  one  (4th),  while  the  1 splint-bone  ’ of  the  inner  digit 
(2nd)  is  more  developed  than  usual;  and  there  is  no  sign  of  an  unsymmetrical 
development  of  the  main  digit  (3rd).  It  seems  not  improbable  that  this  instance 
may  be  one  of  true  reversion ; the  development  of  the  digits  being  probably  very 
similar  to  those  of  the  hippothere  mentioned  above. 

Name  of  giraffe. — Considerable  difficulty  has  been  found  in  deciding  on  the 
generic  name  to  be  adopted  for  the  giraffe,  since  while  palaeontologists  invariably 
use  the  name  Camelopardalis  in  this  sense,  by  modern  zoologists  it  is  restricted  to  its 
original  Linnian  sense  of  a specific  designation  for  the  existing  species.1  The  origin 
of  this  confusion  resulted  from  the  old  practice,  in  cases  when  a species  had  to  be 
removed  from  the  genus  where  it  was  first  placed  and  assigned  to  a new  one,  of  taking 
the  specific  as  the  new  generic  name,  and  giving  a new  specific  name.  Thus  Cervus 
Camelopardalis , Linn.,  became  Camelopardalis  giraffa , F.  Cuv.,  instead  of  draff  a 
Camelopardalis  (Linn.).  Although  there  is  no  question  that  the  latter  term  is  correct, 
it  has  been  thought  best  in  the  text  to  retain  the  Cuvierian  and  palaeontological 
usage  of  these  names.2 

TJrsus  piscalor. — On  the  authority  of  Prof.  Busk,3  JJ.  piscator,  Puch.,4  has  been 
doubtfully  classed  in  the  text  as  a synonym  of  JJ.  horribilis : it  is,  however,  really 
the  same  as  JJ.  lasiotis,  Gray5 : which  for  palaeontological  purposes  must  be  included 
in  JJ.  arctos. 

Hycenarctos  from  Pi/cermi. — Since  the  description  of  IJycenarctos  was  printed 
remains  of  a species  of  this  genus  have  been  recorded  by  Prof.  Dames6  from 
Pikermi  ; although  not  specifically  determined.7 

Miocene  Canince. — A paper  by  Prof.  Cope8  on  some  miocene  canoids  has  come 
under  the  writer’s  notice  since  the  greater  part  of  the  text  was  in  type.  The  dental 
formula  of  Ilycenocyon  is  therein  corrected  to  Pm.  f,  M.  j : and  a canoid  previously 
referred  to  Icticyon  is  classed  in  the  new  genus  Oligobunis ; the  dental  formula  being 
Pm.  |,  M.  A,  and  in.  1 being  furnished  with  an  inner  cusp  and  basin-shaped  talon.9 

Additional  Viverra. — Viverra  miocenicaf  Pet.,  a small  species  from  the  miocene  of 
Styria,  is  omitted  from  the  list  on  pages  267-8. 

1 “ Systema  Naturae,”  ed.  1766,  vol.  I.,  p.  92. 

2 Following  the  Cuvierian  custom  (see  ‘ La  Eegne  Animal”)  the  generic  term  Camelopardalis  is  given  with  the  affix  Linn.- 
though  it  was  never  employed  by  him  in  this  sense.  After  the  name  U.  giraffa  the  affix  F.  Cuv.  should  he  substituted  for  Linn. 

3 ‘ Trans.  Zool.  Soc.  Lon  vol.  X.,  p.  64. 

4 In  the  text,  errorim,  Gray. 

5 See  “ List  of  Vertebrate  Animals  in  the  Gardens  of  the  Zoological  Society  of  London,”  188S,  p.  87. 

6 ‘ Sitz.  Ges.  nat.  Freunde  Berlin,’  Oct.,  1883,  p.  132. 

7 In  comparing  mTi  of  E.  palmindicus  [infra.,  p.  230)  with  that  of  Dinocyon  and  Canis,  it  might  have  been  observed  that 
the  inner  cusp  of  the  blade  is  relatively  larger  in  the  former. 

8 ‘ Amer.  Nat.,’  vol.  XV.,  p.  497. 

9 The  original  reference  of  this  form  to  Icticyon  was  the  cause  of  Prof.  Cope’s  erroneous  definition  of  that  genus 
mentioned  in  the  note  on  page  242. 

10  Peters  ‘Dents.  Ac.  Wiss.,’  vol.  XXIX.,  p.  194,  pi.  III.,  figs.  8-10. 


INTRODUCTORY  OBSERVATIONS. 


xiii. 


List  of ’ and  remarks  on , Siwalik  Carnivora. — The  list  of  Siwalik  Carnivora,  as 
described  in  the  concluding  part  of  this  volume,  comprehends  33  species ; most  of 
which  are  based  on  fairly  sufficient  remains.  These  may  be  tabulated  as  follows,  vis.: 


f Mellivora  sivalensis  (F.  and  C.) 
^ I ,,  punjabiensio,  Lyd. 

» Mellivorodon  palseindicus,  Lyd. 
§ I Lutra  palseindica,  F.  and  C. 

8 | ,,  bathygnathus,  Lyd. 

1-  ,,  sivalensis  (F.  and  C.) 

C Ursus  theobaldi,  Lyd. 
Hysenarctos  sivalensis,  F.  and  C. 
q ,,  punjabiensis,  Lyd. 

~.  "S  ,,  palseindicus,  Lyd. 


8 Amphicyon  palseindicus,  Lyd. 
Canis  curvipalatus,  Bose. 

,,  cautleyi,  Bose. 

^ , ,,  sp.  non.  det. 

| | Viverra  bakeri,  Bose. 

| (.  ,,  durandi,  Lyd. 


('"Hyaena  felina,  Bose. 

U.  ,,  ■ colvini,  Lyd. 

a J ,,  macrostoma,  Lyd. 

S;  1 ,,  sivalensis,  Bose. 

S I 

| ,,  sp.  non.  det. 

l-Lepthysena  sivalensis,  Lyd. 
pZEluropsis  annectans,  Lyd. 
iElurogale  sivalensis,  Lyd. 

Felis  cristata,  F.  and  0. 

,,  (?  Cynselurus)  brachygnathus,  Lyd. 

§ , , sp.  (allied  to  F.  pardus) 

§*  ^ ,,  sp.  (allied  to  F.  lynx ) 

,,  subhimalayana,  Bronn. 

,,  (?)  sp.  non.  det. 

Machserodus  sivalensis,  (F.  and  C.) 

L ,,  palseindicus,  Bose. 


Hycenodontida— Hysenodon  indicus,  Lyd. 


The  most  striking  feature  in  this  list  is  the  strange  mingling  of  essentially  modern 
forms,  with  those  generally  characteristic  of  the  older  tertiaries ; this  being  a feature 
noticeable  in  all  the  orders  of  Siwalik  Mammalia,  but  perhaps  in  none  so  strongly  as 
in  the  present  instance.  Thus  by  the  side  of  ratels,  bears,  jackals,  and  civets,  some 
of  which  are  scarcely  distinguishable  from  existing  species,  there  occur  essentially 
primitive  forms  like  Hycenodon  (or  a closely  allied  genus),  Amphicyon , Lepthycena , and 
JElurogale.  Although  this  feature  is  probably  exaggerated  by  the  mingling  of 
genera  peculiar  to  different  horizons,  yet  from  the  mode  of  occurrence  of  many  of 
the  forms  it  must  be  in  the  main  true ; and,  in  view  of  the  invertebrate  evidence 
afforded  by  the  associated  deposits  in  Sind,  admits  of  but  one  reasonable  explanation : — 
namely,  the  survival  in  the  Indian  and  African  areas  of  old  types  long  after  they 
had  disappeared  from  other  parts  of  the  world.1  This  view  fully  accords  with  all 
the  facts,  and  is  the  only  one  which  brings  the  condition  of  the  ancient  fauna  of 
India  into  harmony  with  that  of  the  present  day. 

Equally  noteworthy  is  the  apparently  contemporaneous  existence  of  specialized 
and  generalized  forms  of  the  same  genus ; especially  well  shown  in  the  hyaenas. 
The  same  group  also  shows  the  remarkable  fact  that  the  solitary  existing  Indian 
hyaena  is  of  a less  specialized  type  than  some  of  the  extinct  species ; probably 
indicating,  as  seems  to  have  been  the  case  with  the  machaerodonts,  that  a high  degree 
of  specialization  was  not  invariably  advantageous ; and  thereby  conducive  to  the  life 
of  a species. 

The  Siwalik  carnivorous  fauna  fills  up  many  gaps  in  the  chain  of  relationship  ; 
the  points  most  strongly  brought  out  being  the  intimate  connection  between  the  bears 
and  the  dogs  ; the  viverroids  and  the  hyaenas ; and  the  cats  and  the  hyaenas.  There 


l This  explanation  was  proposed  by  Mr.  W.  T.  Blanford  (“  Manual  of  Geology  of  India,”  pt.  I.,  p.  LXX.) 
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are  also  not  wanting  certain  signs  of  the  connection  of  the  latter  with  the  dogs, 
which  are  well  known  to  be  intimately  related  to  the  viverroids;  while  Otocyon  has  been 
brought  closer  to  Cams,  Cyncelurus  to  Felis,  and  Machcerodus  to  the  more  primitive 
cats.  Thus  the  impartial  study  of  the  previously  little-known  extinct  local  members 
of  one  order  of  the  Mammalia  has  most  decidedly  added  to  the  already  enormous 
difficulty  of  interpreting  the  mutual  relations  of  extinct  and  existing  beings  by  any 
other  hypothelP  than  that  of  evolution. 

Perhaps  the  most  important  fact  in  relation  to  the  distribution  of  the  tertiary 
Carnivora  is  that  the  Siwalik  species  of  Machcerodus  are  intermediate  between  those 
of  Europe  and  those  of  S.  America.  As  the  latter  are  the  most  specialized  forms  of 
the  genus,  and  are  found  in  the  pleistocene,  while  the  European  forms  are  the  most 
generalized,  and  usually  occur  in  older  strata,  it  seems  probable  that  the  migration 
of  the  genus  took  place  in  an  easterly  direction  from  Europe,  through  Asia,  to  America. 

Age  of  lower  Siwaliks  and  European  iertiaries . — A word  is  advisable  as  to  the  view 
taken  of  the  age  of  the  lower  Siwaliks  on  page  143.  In  1880,  Prof.  P.  M.  Duncan1 
gave  a table  of  the  tertiary  rocks  of  Sind  in  which  the  lower  Manchhars  (Siwaliks) 
were  considered  to  be  either  of  upper  miocene,  or  lower  pliocene  age ; the  upper 
Manchhars  (Siwaliks)  being  referred  to  the  pliocene.  In  a later  paper2  (1881)  the 
same  writer  observed  that  “ the  disassociation  of  the  Manchhar  and  Grdj  series  is  a 
necessity ; and  the  nature  of  the  fauna,  so  singularly  allied  to  that  of  Pikermi, 
necessitates  its  relegation  to  the  early  Pliocene  time.”  Although  there  is  a little 
ambiguity  in  the  wording  of  the  sentence,  there  is  no  doubt  from  the  context  that 
the  beds  referred  to  the  early  pliocene  are  the  lower  Manchhars  ; and  from  the  use 
of  the  word  1 necessitates  • the  present  writer  felt  bound  to  adopt  that  view  in  the 
passage  already  cited.3  In  the  introduction  to  a still  later  work  by  Prof.  Duncan, 
Mr.  AY.  T.  Blanford4  prefers,  however,  to  class  the  lower  Siwaliks  as  of  upper 
miocene  age ; remarking  that  the  evidence  of  the  fossil  corals  and  echinoderms  of 
Sind  is  in  favour  of  the  classification  of  the  tertiaries  in  which  the  lower  Siwaliks 
occupy  this  geological  horizon.  It  is  perhaps  on  the  whole  inadvisable  at  present  to 
press  the  question  too  closely. 

Owing  to  the  recent  changes  of  view  as  to  the  age  of  some  of  the  later  tertiary 
faunas  of  Europe,  some  difficulty  has  been  found  in  assigning  their  proper  geological 
ages  to  many  of  the  European  tertiary  mammals.  In  most  cases  the  tables  given  by 
Prof.  Boyd  Dawkins5  have  been  followed ; but  as  the  lower  pliocene  of  that  writer 
does  not  include  the  Pikermi  beds,6  these,  if  referred  to  the  same  period,  must  be 
regarded  as  an  inferior  member,  which  may  be  called  ‘ lowest  pliocene.’  The 
Eppelslieim  beds  are  classed  as  upper,  and  the  Sansan  and  Simorre  beds  as  middle 

1 “ Pal.  Ind.,”  Ser.  XIV.,  vol.  I.,  pt.  I.  (“  Sind  Fossil  Corals,  etc.”)  p.  4. 

2 ‘ Quart.  Journ.  G-eol.  Soc.,’  vol.  XXXVII.,  p.  207  : the  italics  are  the  present  writer’s.  3 The  same  view  has  been 
adopted  in  the  writer’s  “ Geology  of  Kashmir  ,”  1 Mem.  Geol.  Surv.  Ind.,’  vol.  XXII. 

4 “ Pal.  Ind.,”  ser.  XIV.,  vol.  I.,  pt  4 (“  Fossil  Echinoidea  of  Kachh  and  Kattywar,”  p.  2.  1883.) 

5 Especially  the  paper  in  ‘ Quart.  Journ.  Geol.  Soc.,’  vol.  XXXVI.,  p.  379,  et.  scq. 

6 With  these  must  be  classed  the  beds  of  Baltavar  (Hungary),  Mt.  Leberon  (France),  and  Concud  (Spain). 
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miocene  : if,  as  Prof.  Duncan1  thinks  probable  the  Eppelsheim  beds  are  at  the  base 
of  the  pliocene,2  then  the  Sansan  and  Simorre  beds  must  be  transferred  to  the  upper 
miocene. 

Fossil  Persian  mammals. — It  is  well  to  record  that  from  Maragha,  in  western 
Persia  (nearly  due  south  of  Tabriz)  fossil  remains  of  mammals  have  been  recently 
obtained,  and  named  as  follows,3 Helladotherium.  sp.  (metacarpal);  Rhinoceros , sp.  (not 
ticliorhinus ) ; Mastodon  (?)  sp. ; Tragoceros , sp.  (tibia) ; and  Hippotherium , sp. : also 
Rhinoceros  tichorlvinus , Elephas  priniigenius,  Bos  bison,  Cervus  elaplius , Equus  caballus , 
and  E.  onager.  It  is  inferred  that  these  remains  probably  indicate  the  presence  of 
the  Pikenni  beds,  together  with  pleistocene  strata.  They  may  possibly  also  indicate 
a western  extension  of  the  Siwaliks,  the  fauna  of  which  has  a more  marked  European 
facies  in  eastern  Baluchistan ; and  hence  render  it  not  improbable  that  the  Siwalik 
and  Pikermi  faunas  may  be  eventually  brought  into  actual  connection.  The 
occurence  of  pleistocene  forms  in  the  same  region  as  Pikermi  genera  is  paralleled  by 
the  association  of  Siwalik  and  Narbada  strata  in  Japan. 


1 ‘ Quart.  Journ.  Geol.  Soc.,’  vol.  XXXVI.,  p.  206. 

2 If  this  view  be  eventually  maintained  the  lower  Siwaliks  would  unquestionably  be  of  pliocene  age. 

3 C.  Grewingk,  “ tjber  fossile  Saugethiere  von  Maragha  in  Persia,”  ‘ Verh.  k.  k.  geol.  Keichs.,’  1881,  p.  296. 
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GEOLOGICAL  SURVEY  OR  INDIA. 

[ WITH  PLATES  I to  X.  ] 


Order:  UNGULATA,  Div.  PEBJSSODACTYLA, 

Pamily  : R El  NO  CEE  0 TIE  El. 

Introductory. — Although  in  the  first  volume  of  this  series  of  the  “ Palgeonto- 
logia  Indica,  ” a considerable  number  of  teeth  and  other  remains  of  various  species 
of  rhinoceros,  from  the  tertiaries  and  post-tertiaries  of  India  and  Burma,  have  been 
described  and  figured  by  Mr.  Poote  and  myself,  yet  in  many  cases  those  remains 
by  no  means  fully  illustrated  the  dentition ' and  full  affinities  of  the  various  species, 
while,  from  their  incompleteness  and  isolated  character,  they  have  in  not  a few 
instances  led  to  erroneous  inferences.  The  comparatively  recent ‘acquisition  of  a 
much  larger  series  of  fossil  remains  of  this  family  by  the  Indian  Museum  from 
Siwalik  strata  has  now  enabled  me  to  give  a much  fuller  account  of  the  dentition 
of  most  of  the  Siwalik  species,  and  to  correct  such  previous  determinations  as  sub- 
sequently-acquired information  has  shown  to  be  erroneous.  No  additional  remains 
of  the  pleistocene  species  have  been  acquired,  and  it  will,  therefore,  be  unnecessary 
to  refer  to  them  at  length  in  this  memoir. 

Number  of  species  of  Siwalik  rhinoceroses. — In  the  “ Pauna  Antiqua  Siva- 
lensis,”  three  species  of  fossil  Indian  true  rhinoceroses,  from  the  plio-miocene  or 
Siwaliks  of  India,  were  named,  upon  the  evidence  of  a fairly  complete  series  of 
remains  ; while  a fourth  species,  named  on  very  fragmentary  remains,  was  provision- 
ally referred  1o  the  genus  Acerotherium, — a determination  which  has  subsequently 
turned  out  to  be  correct.  The  above-mentioned  four  species  have  been  respectively 
named  E.  palceindicus , R.  platyrhinus,  R.  sivalensis,  and  A.perimense.  In  the  first 
volume  of  the  present  work  two  additional  species  were  described  from  the  evidence  * 
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of  molar  teeth,  under  the  names  of  R.  iravadicus  and  R.  planidens  ; hut  it  will 
he  shown  in  the  course  of  this  memoir  that  both  these  so-called  species  in  reality 
belong  to  A.  perimense : in  the  instance  of  R.  planidens,  this  has  already  been 
demonstrated  in  the  preface  to  the  first  volume. 

General  characters  of  skulls  of  the  four  species. — In  the  preface  to  the  first 
volume,  it  has  already  been  shown  what  are  the  leading  characters  of  the  skulls  and 
dentition  of  the  three  Siwalik  species  of  the  genus  Rhinoceros'  and  also  how  these 
species  differ  from  the  living  Asiatic  forms  of  the  genus,  with  which  there  has  lately 
been  an  attempt  to  unite  them : it  will  not  be  necessary,  therefore,  on  this 
occasion  to  recapitulate  the  statements  there  made.  In  order,  however,  to  show  the 
general  form  of  the  skulls  of  all  the  Siwalik  fossil  species  of  the  family,  I have 
caused  to  be  drawn  on  a small  scale  (plates  IX  and  X)  restored  outlines  of  their 
skulls,  taken  either  from  original  specimens  in  the  Indian  Museum,  or  from  casts  of 
those  in  the  British  Museum,  or  from  those  figured  in  the  “ Eauna  Antiqua  Siva- 
lensis,” Eor  the  purpose  of  comparison  with  these  fossil  skulls,  there  are  also 
given  outlines  of  the  skulls  of  the  three  best  determined  living  species  of  Asiatic 
rhinoceroses.  The  living  and  fossil  Asiatic  rhinoceroses,  of  which  the  skulls  are 
known,1 2 3  may  be  divided  for  our  present  purpose  into  three  groups,  viz.,  hornless 
rhinoceroses,  unicorn  rhinoceroses,  and  bicorn  rhinoceroses,  the  figured  specimens 
of  which  will  now  shortly  be  noticed  in  the  above  order. 

Hornless  rhinoceros  {Acer other ium).— The  only  Siwalik  species  of  hornless 
rhinoceros,  referred  here  to  the  genus  Acerotherium,  is  A.  perimense , of  which  the 
restored  skull  is  drawn  in  figure  1 of  plate  IX.  The  form  of  this  skull  distin- 
guishes it  at  once  from  the  skulls  of  all  the  other  Indian  species  of  the  family.  The 
molars,  as  will  be  shown  below,  are  of  a simple  type,  approaching  those  of  the 
Sumatran  and  Javan  rhinoceroses,  • 

Unicorn  rhinoceroses. — Of  the  unicorn  rhinoceroses,  solely  composing  the  genus 
Rhinoceros 3 as  ‘restricted  by  many  modern  writers,  there  are  four  well-determined 
recent  and  fossil  Asiatic  species  of  which  the  skulls  are  known ; these  are  figured 
on  plate  X.  Eig.  1 is  R.  indicus  ; 2,  R.javanicus  ( sondaicus ) ; 3,  R.  palceindicus  ; 
and  4,  R.  sivalensis.  Apart  from  the  differences  in  the  general  outline  of  the  skull, 
R.  indicus  is  distinguished  from  all  by  the  complex  pattern  of  its  upper  molars, 
which  have  a large  ‘ combing-plate  ’ and  three  ‘ fossettes  ’ when  worn.  R.  palce- 
indicus and  R.  sivalensis  are  distinguished  readily  by  the  form  of  their  upper 
molars,  as  is  noticed  in  the  preceding  volume  and  in  the  sequel.  R.  palceindicus 
differs  equally  in  this  respect  from  R.  javanicus.  R.  sivalensis  and  R.  javanicus 

1 This  generic  term  is  used  in  the  original  wide  sense  given  it  by  Linne.  The  modem  sub-divisions  are  frequently 
inapplicable  in  the  case  of  fossils. 

2 The  skull  of  B.  deccanensis  (Foote)  is  unknown  ; judging,  however,  from  the  form  of  the  lower  jaw,  it  is  proba- 
ble that  this  was  a bicorn  species. 

3 Apparently  by  an  oversight,  Professor  Cope  includes  the  bicorn  B.  platyrliinus  in  his  list  of  the  restricted 
genus  Bhinoceros  (“Bui.  U.  S.  Geol.  Geog.  Surv.”  Vol.  V,  p.  229).  This  may  have  originated  from  a statement  by 
Professor  Flower  (P.  Z.  S.,  1876,  p.  457)  that  all  the  Siwalik  species  of  Bhinoceros  were  unicorn. 
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seem  to  be,  on.  the  whole,  the  most  nearly  allied,  since  their  teeth  are  constructed  on 
the  same  general  plan ; there  is,  however,  considerable  difference  in  the  form  of  the 
skulls  of  the  two  species. 

Bicorn  rhinoceroses. — Of  the  bicorn  rhinoceroses,  there  are  figured  the  skulls 
of  two  species1  on  plate  IX,  viz.,  B.  platyrliinus,  fig.  2 ; and  R.  sumatrensis , fig.  3. 
The  former  has  molars  of  the  complex  type  of  R.  indicus ; and  the  latter  of  the 
simpler  type  of  R.  sivalensis  and  R.  javanicus.  The  latter  belongs  to  the  sub-genus 
Ceratcrhinus,  and  the  former  possibly  to  a modification  of  Atelodus. 

Value  of  teeth  as  indicating  affinity. — From  the  above  remarks,  it  will  be  seen 
that  in  species  having  the  same  number  of  horns,  and  closely  allied  in  other  respects,2 
there  may  be  very  great  differences  in  the  form  of  the  upper  molars ; and  it,  there- 
fore, seems  that  the  structure  of  these  teeth  cannot  be  considered  of  much  value 
in  the  determination  of  the  affinities  of  fossil  species. 

Number  of  species  of  Rhinoceros  and  Acerotherium. — In  order  to  avoid  the 
necessity  of  quoting  species  of  Rhinoceros  and  Acerotherium  by  more  than  one 
name,  owing  to  the  great  amount  of  synonymy  that  prevails  in  these  genera,  the  fol- 
lowing lists  of  species  with  the  synonyms  has  been  compiled.  The  names  therein 
used  as  the  names  of  the  species  will  be  employed  in  this  volume,  irrespective  of 
the  question  whether  they  all  are  selected  according  to  strict  priority.  Doubtful 
or  insufficiently-determined  species  have  prefixed  to  them  a note  of  interrogation. 
The  memoirs  of  Messrs.  Brandt,  Cope,  Dawkins,  Falconer,  Flower,  and  Peters  have 
been  chiefly  consulted  in  the  compilation  of  this  list. 


Genus  I : ACEROTHERIUM,  Kaup, 

(Including  Aphelops,  Cope.) 

1.  Acerotherium  crassum  (Lefdy.  sp.).  Miocene  (?) ; X.  America. 

Aphelops  (?)  crassus,  Cope. 

Rhinoceros  crassus,  Leidy. 

2.  Acerotheeium  croizeti  (Pomel).  Miocene;  Europe. 

3.  Acerotherium  eossiger  (Cope,  sp.).  Up.  miocene;  X.' America. 

Aphelops  fossip er,  Cope. 

4.  Acerotherium  goldfussi  (Kaup).  Mid.  miocene;  Europe. 

Rhinoceros  bracliypus , Lart.  ( teste  Kaup). 

„ goldfussi,  Kaup. 

5.  Acerotherium  lemanense  (Pomel.  sp.).  Low.  miocene;  Europe. 

Acerotherium  lemanense,  Dawkins. 

Rhinoceros  lemanensis,  Filhol. 

1 There  is  no  specimen  of  the  skull  of  R.  lasiotis  (Scl.)  available,  if  indeed  this  species  be  distinct  from  R.  suma- 
trensis. 

* See  Flower,  P.  Z.  S.,  1876,  p.  443,  et  seq. 
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6.  Acerotherium  incisivum  (Kaup) . Dp.  eocene  and  miocene;  Europe. 

Acerotherium  gannalense,  Duvernoy  {teste  Kaup). 

„ tetradactylum ,l  Gaudry  . 

„ typus,  Duvernoy. 

Rhinoceros  incisivus,  Cuvier  (in  part) . 

„ tetradactylus,  Lartet  (apud  Filliol.  and  Laurillard). 

7.  Acerotherium  jemezanus  (Cope).  Dp.  miocene  ; N.  America. 

Aphelops  (?)  jemezanus,  Cope. 

8.  Acerotherium  malacorhinus  (Cope).  Dp.  miocene;  N.  America. 

Aphelops  malacorhinus,  Cope. 

9.  Acerotherium  megalodus  (Cope).  Dp.  miocene;  N.  America. 

Aphelops  megalodus,  Cope. 

10.  Acerotherium  meridianum  (Leidy.  sp.).  Dp.  miocene;  N.  America. 

Aphelops  (?)  meridianus,  Cope. 

Rhinoceros  meridianus,  Leidy. 

11.  Acerotherium  (?)  minutum  (Kaup).  Quercy  phosphorites,  and  low. 

miocene ; Europe. 

Rhinoceros  minutus,  Cuvier. 

,,  pleuroceros,  Duvernoy  (teste  Brandt). 

„ steiheimensis,  Jag§r  (teste  Brandt). 

12.  Acerotherium  mite  (Cope).  Low.  miocene;  N.  America. 

13.  Acerotherium  occidentale  (Leidy.  sp.).  Low.  miocene;  N.  America. 

Rhinoceros  occidentalis,  Leidy. 

14.  Acerotherium  pacipicum  (Leidy.  sp.).  Mid.  miocene;  N.  America. 

Rhinoceros  pacijicus,  Leidy. 

15.  Acerotherium  perimense  (Ealc.  and  Caut.).  Mio-pliocene ; India  and 

Burma. 

Rhinoceros  iravadicus,  Lydekker. 

„ perimensis,  Falconer  and  Cautley. 

„•  planidens,  Lydekker. 

16.  Acerotherium  truquianum  (Cope).  Mid.  miocene;  N.  America. 

Genus  II:  RHINOCEROS  ( Linne ). 

1. ?  Rhinoceros  annectans  (Marsh).  Miocene;  N.  America. 

2.  Rhinoceros  aurelianensis  (Nouel ?).  Miocene;  Europe. 

Ceratorhinus  aurelianensis,  apud  Cope. 

3. ?  Rhinoceros  austriacus  (Peters).  Miocene;  Europe. 

1 M.  Gaudry  (“  Les-Enchainements  du  Monde  Animal,  etc.,”  p.  47)  regards  A.  tetradactylum  as  distinct  from 
A.  incisivum. 
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4.  Rhinoceros  bicornis  (Linn6).  Recent;  Africa. 

Atelodus  bicornis,  Pomel. 

It  Ainas  ter  bicornis,  Gray. 

„ keitloa,  Gray. 

Rhinoceros  africanus,  Cuvier- 

„ bicornis  capensis,  P.  Camper 
„ brucei,  Blainville. 

„ camperi,  Schinz. 

„ Jceitloa,  A.  Smith. 

„ niger,  Sehinz. 

5. ?  Rhinoceros  cimogorrhensis  (Lartet).  Low.  miocene ; Europe. 

6. ?  Rhinoceros  cuculatus  (Wagner).  Recent;  Hab.  unknown. 

Ceratorhinus  cuculatus , Brandt. 

Rhinoceros  deccanensis  (Eoote).  Pleistocene;  India. 

Atelodus  (/)  deccanensis,  Flower. 

Rhinoceros  etruscus  (Ealconer).  Up.  pliocene;  Europe. 

Ccelodonta  etruscus,  Cope. 

Rhinoceros  leptorhinus,  Cuvier  (in  part) . 

„ merki,  Jager  ( teste  Brandt). 

Rhinoceros  hesperihs  (Leidy).  Miocene  (?) ; N.  America. 

Rhinoceros  indices  (Cuvier).  Recent  and  pleistocene;  India. 

Rhinoceros  asiaticus,  Blumenbach. 

„ namadicus,  Lydekker. 

„ stenocephalus , Gray. 

„ unicornis,  Linne. 

11. ?  Rhinoceros  inermis,  Lesson.  Recent;  Asia. 

? = R.  javanicus. 

12.  Rhinoceros  javanicus  (E.  Cuvier,  Geoffrey,  and  Gray).  Recent  and 

(?)  pleistocene  ;x  S.  E.  Asia. 

Rhinoceros  floweri,  Gray. 

„ javanus,  Cuvier. 

„ nasalis,  Gray. 

„ sondaicus,  Cuv.  and  Horsfield. 

13. ?  Rhinoceros  lasiotis  (Sclater).  Recent;  S.  E.  Asia. 

Ceratorhinus  lasiotis,  Garrod. 

? ==  Rhinoceros  sumatrensis. 

14.  Rhinoceros  leptorhinus  (Owen).  Pleistocene;  Europe. 

Atelodus  aymardi,  Pomel. 

„ hemitcechus,  Flower. 

„ merki,  Brandt. 


7. 


9. 

10. 


1 Busk,  P.  Z.  S.,  1869,  p.  449. 


6 


INDIAN  TERTIARY  AND  POST-TERTIARY  YERTEBRATA. 


Caelodonta  hemiteechus , Cope. 

Rhinoceros  hemiteechus,  Falconer. 

? „ kir Icier gensis,  Jager. 

„ merlci,  Jager  and  Kaup. 

„ mesotropus,  Aymard,  (in  part),  teste  Brandt. 

„ prisons,  Falconer. 

,,  protichorhinus,  Duvernoy,  teste  Brandt. 

15.  Rhinoceros  megarhinus  (Christol.).  Pleistocene;  Europe. 


? Atelodus  elatus,  Pomel. 

„ leptorhinus,  Pomel. 

Ceratorhinus  monspessulanus,  Gray. 

Rhinoceros  cuvieri,  Desmarest. 

? „ elatus,  Croizet. 

„ leptorhinus,  Cuvier. 

? „ lunullensis,  Gervais. 

„ mesotropus.  Aymard,  (in  part),  teste  Falconer. 

„ monspessulanus,  Blainville,  in  part. 

„ primigenius,  Bronn. 

16. ?  Rhinoceros  namadichs  (Palconer  and  Cautley).  Pleistocene;  India. 

17. ?  Rhinoceros  oregonensis  (Marsh.).  Miocene;  N.  America. 

18.  Rhinoceros  pachygnathus  (Wagner).  Up.  miocene ; Europe. 

Atelodus  pachygnathus,  Flower. 

Colodus  pachygnathus,  Wagner. 

Rhinoceros  Uchorhinus,  Duvernoy. 

19.  Rhinoceros  pal^eindictjs  (Palconer  and  Cautley).  Plio-miocene ; India. 

Rhinoceros  unicornis,  Brandt. 


20.  Rhinoceros  plattrhinus  (Palconer  and  Cautley).  Plio-miocene;  India. 

Ceratorhinus  sumatrensis,  Brandt. 

21.  Rhinoceros  randanensis.  (?)  Miocene ; Europe. 

22. ?  Rhinoceros  sansaniensis  (Lartet).  Mid.  miocene;  Europe. 


JDihoplus  sansaniensis,  Brandt. 

= Rhinoceros  sclileiermacheri,  Kaup,  teste  Duvernoy  and  Gaudry. 

23.  Rhinoceros  schleiermacheri  (Kaup).  Miocene;  Europe. 

Ceratorhinus  sclileiermacheri,  Cope. 

JDihoplus  schleiermacheri,  Cope. 

Rhinoceros  incisivus,  Cuvier,  in  part. 

„ leptodon,  Kaup. 

„ sansaniensis,  Lartet,  apud  Duvernoy. 

24.  ? Rhinoceros  simorrensis  (Lartet) . Miocene ; Europe, 

25.  Rhinoceros  simus,  (Burchell.)  Recent ; Africa. 

Atelodus  simus,  Pomel. 

Ceratotherium  oswelli,  Gray. 

„ simum,  Gray. 
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Rhinoceros  camus,  H.  Smith. 

,,  oswelli,  Gray. 

26. ?  Rhinoceros  sinensis  (Owen).  Pliocene  (?) ; China. 

27.  Rhinoceros  siyalensis  (Pale,  and  Caut.).  Plio-miocene ; India. 

Rhinoceros  indicus  fossilis,  Baker  and  Durand. 

,,  unicornis,  Brandt. 

Zalabis  sivalensis,  Cope. 

? Rhinoceros  angustirictus,  Falc.  and  Caut. 

28.  Rhinoceros  sumatrensis  (Cuvier).  Recent;  S.  E.  Asia. 

Ceratorhinus  blythi,  Gray. 

„ crossi,  Gray. 

„ niger,  Gray. 

„ sumatranus,  Cope. 

„ sumatrensis , Gray. 

Rhinoceros  crossi,  Gray. 

„ sumatranus,  Raffles. 

29.  Rhinoceros tichorhinus  (Cuvier and Pischer).  Up.  pleistocene;  Europe. 

Atelodus  antiquitatis,  Brandt. 

,,  tichorinus,  Pomel. 

Ccelodonta  antiquitatis,  Cope. 

„ pallasi,  Gray. 

Rhinoceros  antiquitatis,  Blumenbach. 

„ jourdani,  Lartet  and  Chantre : teste  Brandt. 

,,  lenensis,  Pallas. 

,,  mesotropus,  Aymard,  in  part,  teste  Falconer. 

„ primigenius,  Broun. 

Dentition  of  the  Rhinocerotidoe. — It  will  be  unnecessary  on  this  occasion  to 
enter  at  length  into  the  consideration  of  the  dental  system  of  the  Rhinocerotidoe,  of 
which  only  the  two  genera,  Rhinoceros  and  Acerotherium , need  be  mentioned  at  all. 
The  main  features  of  the  number  and  general  characters  of  the  teeth  of  these 
genera  will  he  found  given  in  the  “ Odontography  ” of  Professor  Owen ; while  cer- 
tain points  in  relation  to  the  homology  of  some  of  the  teeth  will  he  found  mentioned 
in  a paper  by  the  author.1 

It  will  suffice  on  this  occasion  to  state  that  in  the  upper  jaw  the  rhinoceroses 
above  alluded  to  may,  in  the  permanent  dentition,  have  either  one  or  two  pairs  of 
incisors,  or  may  be  destitute  of  any ; while  there  are  never  any  canines.  The  per- 
manent upper  molar  series  consists  of  seven  teeth,  of  which  the  three  last  are  true 
molars ; while  of  the  anterior  four,  the  first  may  be  a milk-molar  and  the  other 
three  premolars,  or  all  four  may  be  premolars.  Pour  milk-molars  are  always 
developed. 

In  the  lower  jaw  there  may  be  no  permanent  teeth  in  advance  of  the  premolars, 
or  there  may  be  either  one  or  two  pairs  of  such  teeth,  in  which  case  the  central  pair 

1 Jour.  As.  Soc.,  Bengal,  Vol.  XLIX,  pt.  II,  p.  135. 
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are  invariably  small  and  the  outer  large.  The  central  pair  are  certainly  incisors, 
and  the  outer  pair  also  were  formerly  universally  considered  as  such ; there  are, 
however,  strong  reasons  for  considering  that  the  latter  may  really  be  canines.  Eor 
the  sake  of  convenience,  however,  in  this  volume  they  will  continue  to  be  referred 
to  as  incisors,  with  this  proviso.  The  lower  molar  series  always  consists  of  seven 
teeth,  of  which  the  first  four  are  generally  classed  as  premolars ; it  is,  however, 
quite  possible  that  the  first  of  these  teeth,  as  in  the  upper  jaw,  is  in  reality  a per- 
sistent milk-molar.  Eour  milk-molars  are  developed. 

The  variations  in  the  permanent  dentition  of  Rhinoceros  and  Acerotherium 
may  be  expressed  by  the  following  general  formula  : — 

T (0—2)  — (0—2)  n 0—0  -ji/TTi/r  (0—1)  —(O—l)  p-yr  (3  —4)  — (3  —4)  -yr  3—3 
-*-* (0 — 2)  — (0-2)  ^'0-0  (0—1  ?)  -(0—1?)  J"(3?-4)  — (3P-4)  *3—3 


In  describing  the  teeth  of  the  various  species  in  the  sequel,  the  most  anterior 
of  the  permanent  molar  series  will  usually  be  referred  to  as  a premolar,  irrespective 
of  the  question  of  its  true  homology. 

With  regard  to  the  structure  of  the  upper  molar  teeth,  the  following  terms  are 
applied  to  the  component  parts  in  this  memoir.  The  teeth  are  supposed  to  be 
viewed  from  the  masticating  and  internal  aspects,  as  in  the  accompanying  figures  : — ■ 


Anterior  collis  =.  large  antero-internal  column. 

Posterior  collis  = large  postero-internal  column. 

Median  valley  = hollow  dividing  the  two  ‘ colies/ 

Anterior  valley  = hollow  in  front  of  ‘ anterior  collis/ 

Posterior  valley  = hollow  behind  ‘ posterior  collis/ 

Crochet  = process  projecting  from  the  ‘ posterior  collis  3 into  the  ■ median  valley/ 
Combing-plate  = process  projecting  from  the  outer  wall  of  the  tooth  into  the  same. 
Ante-crochet  — projection  on  the  posterior  side  of  the  ‘ anterior  collis/ 

Dorsum  = outer  surface  of  tooth. 

Costa  = vertical  ridge  on  c dorsum/ 

Pass  = entrance  into  e median  valley/ 

Buttress  = projection  at  the  antero-external  angle  of  the  crown. 

Accessory  fossette  = separate  pit  on  the  worn  crown  cut  off  from  the  outer  extremity  of 
the  ‘ median  valley/ 

Two  different  types  of  upper  molars. — The  upper  molars  of  most  species  of 
Rhinoceros  and  Acerotherium  easily  fall  into  two  main  divisions,  according  to  their 
structure.  Those  of  one  type,  which  may  be  called  the  Sumatran  type,  occur  in  the 
living  Sumatran  and  Javan  rhinoceroses,  and  are  characterised  by  the  production 
of  the  antero-external  angle  of  the  crown  into  a strong  ‘ buttress,’  or  column,  which 
renders  the  outer  wall  of  the  tooth  very  sinuous.  A characteristic  tooth  of  this 
type  is  represented  in  figure  3 of  plate  III.  No  teeth  of  this  type  ever  present 
an  ‘accessory  fossette’  caused  by  the  union  of  the  e crochet  ’ and  c combing-plate/ 
The  second  type  of  molar  is  represented  in  the  large  living  Indian  rhinoceros  and 
in  the  African  rhinoceroses ; it  is  characterised  by  the  absence  of  the  e buttress/ 
whence  the  external  wall  is  approximately  straight.  Teeth  of  this  type  are  repre- 
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sented  on  plate  VIII.  Very  generally,  in  this  type  an  ‘accessory  fossette,’  formed 
in  the  manner  noted  above,  is  present ; while  a ‘ crochet  ’ and  ‘ combing-plate  ’ seem 
to  be  always  present,  whether  they  unite  or  not.  In  certain  species,  as  in  the  Siwa- 
lik R.  palceindicus , the  upper  molars  seem  to  be  intermediate  in  character  between 
those  of  the  two  types  mentioned  above  ; these  will  be  occasionally  referred  to  below 
as  the  * intermediate  type.’ 


Genus  I.  ACEBOTHEBIUM,  Kaup. 

(Including  Aphelops,  Cope.) 

The  genus  Acerotherium  (with  which  Professor  Cope’s  genus  Aplielops  is  in- 
cluded), established  in  1832  by  the  late  Professor  Kaup1  for  the  reception  of  a 
hornless  and  anteriorly  four-toed  species  of  rhinoceros,  may  be  shortly  defined  as 
follows : — No  horns  in  either  sex ; nasals  thin  and  pointed*  and  their  upper  surface  not 
differentiated  from  that  of  the  frontals.  Anterior  limbs  either  tri — or  tetradactyle ; 
incisors  present  in  both  jaws.2 


Species  : Acerotherium  pebimense,  Ealconer  & Cautley  sp. 

Synonyms : Rhinoceros  (Acerotherium  ?)  perimensis,  Falc.  & Caut. 

Rhinoceros  planidens,  Nobis. 

Rhinoceros  iravadicus,  Nobis. 

Earlier  notices. — The  present  species  of  hornless  rhinoceros  was  first  named  by 
Ealconer  and  Cautley  on  the  evidence  of  some  mostly  imperfect  molars,  and  a part 
of  a lower  jaw  obtained  from  the  ossiferous  beds  of  Perim  Island,  in  the  gulf  of 
Cambay.  These  specimens  are  figured  in  plate  LXXV  of  the  “Eauna  Antiqua 
Sivalensis,”  and  their  provisional  or  hypothetical  reference  to  the  genus  Acero- 

1 “ Isis.”  Dresden,  1832. — The  definition  of  the  genus  here  given  is  adapted  from  the  one  given  by  the  late  Professor 
Brandt  (Mem.  d.  1.  Acad.  Imp.  d.  S.  Pet.,  Ser.  VII.,  Vol.  XXVI,  p.  27).  Following  Professor  Brandt,  the  genus 
Aphelops  of  Professor  Cope,  distinguished  from  Acerotherium  by  having  three  in  place  of  four  digits  on  the  fore-limb, 
is  here  included  in  Acerotherium,  as  in  the  majority  of  cases  the  number  of  digits  cannot  be  determined. 

* According  to  Professor  Cope  (“  Bui.  U.  S.  Geol.  Geog.  Survey,”  Vol.  V,  p.  235),  the  genus  Acerotherium  is 
characterised  by  the  presence  of  two  pairs  of  both  upper  and  lower  incisors  (the  outer  pair  of  the  latter  termed  canines) 
and  by  the  non-union  of  the  post-tympanic  and  post-glenoidal  processes  of  the  squamosal  below  the  external  auditory 
meatus.  With  regard  to  the  presence  of  two  pairs  of  upper  incisors  being  characteristic  of  the  genus,  it  may  first  of 
all  be  observed  that  two  pairs  of  these  teeth  are  developed  in  Rhinoceros  sclileiermacheri  (Kaup.  “Oss.  Foss.  d. 
Darmstadt,”  pi.  X,  fig.  1),  and  occasionally  in  It.  indicus  (Lydekker,  J.  A.  S.  B.,  Vol.  XLIX,  pt.  II,  pi.  VII,  fig.  1) ; 
and  secondly,  that  in  Acerotherium  incisivum  there  appears  to  be  only  one  pair  of  upper  incisors,  as  I judge  from  a 
cast  of  a skull  in  the  Indian  Museum,  and  from  the  figure  given  by  Professor  Gaudry-  (“  Les  Enchainements  du  Monde 
Animal,  etc.”  p.  47,  fig.  38) ! Again,  in  the  lower  jaw  of  the  same  species,  only  the  outer  pair  of  incisors  (canines)  seem 
to  be  developed  ( see  Gaudry,  loc.  cit.,  p.  51,  fig.  46) ; and  only  this  pair  are  present  in  the  Indian  A.  perimense.  As 
far  as  I am  able  to  judge  from  the  cast  of  the  skull  of  A.  incisivum , the  post-tympanic  and  post-glenoidal  processes 
appear  to  be  united  interiorly.  Professor  Cope  is  therefore,  to  say  the  least,  unfortunate  in  the  characters  he  has 
selected  for  generic  distinction. 
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therium  is  only  one  among  many  other  striking  instances  of  the  palaeontological 
acnmen  of  the  talented  authors  of  that  work.  At  a later  period,  some  other  teeth  of 
a rhinoceros  from  the  same  beds  in  the  collection  of  the  Asiatic  Society  of  Bengal,1 
were  catalogued  by  Dr.  Ealconer  under  the  heading  Rhinoceros , without  the  affix 
of  any  specific  name.  Dr.  Murchison,  however,  in  the  ‘‘Palaeontological  Memoirs”2 
quotes  these  specimens  as  Rhinoceros  perimensis,  apparently  on  no  better  grounds 
than  the  locality  from  whence  they  came.  Some  (and  perhaps  all)  .of  the  specimens 
do,  however,  certainly  belong  to  that  species. 

At  a still  later  period,  some  detached  teeth  of  a rhinoceros,  belonging  to  the 
upper  molar  series,  were  described  and  figured  by  myself  in  the  first  volume  of  this 
series,3  under  the  name  of  Acerotherium  perimense.  It,  however,  unfortunately 
happened  that  these  teeth  were  wrongly  placed  in  the  series,  and  that  some  were 
classed  as  molars,  which  were  really  premolars.  Although  this  error  has  been  cor- 
rected in  the  preface  and  revised  description  of  the  plates  of  the  first  volume,  it  has 
been  partly  the  cause  of  other  errors,  and  the  foundation  of  some  unnecessary  species. 
In  the  same  volume  there  were  also  described  and  figured  two  incomplete  upper 
molars  of  a Siwalik  rhinoceros,  under  the  name  of  R.  planidens,4,  on  the  supposition 
that  they  belonged  to  a new  species ; while,  not  long  after,  some  complete  upper 
molars,  an  upper  incisor,  and  the  greater  portion  of  a mandible  were  noticed  in  the 
“Records”5  under  the  same  name.  After  all  these  notices  had  appeared,  the 
discovery  by  Mr.  Theobald  of  a nearly  complete  cranium  of  a hornless  rhinoceros', 
together  with  a separate  but  more  complete  specimen  of  the  upper  molar  dentition, 
alluded  to  in  the  “Records,”6  conclusively  showed  that  all  the  specimens  referred  to 
the  so-called  R.  planidens  in  reality  belonged  to  Acerotherium  perimense , and  also 
confirmed  the  generic  distinctness  of  this  form.  These  specimens,  moreover,  showed 
the  error  which  had  been  made  in  the  serial  determination  of  the  previous  specimens 
described  by  myself  under  the  latter  name.  In  the  preface  and  reissue  of  the 
description  of  certain  of  the  plates  of  the  first  volume  of  this  series,  all  the  above- 
mentioned  errors  were  corrected. 

In  the  same  volume,7  two  upper  molars  and  the  occiput  of  a rhinoceros  from 
Burma  were  described  and  figured  under  the  name  of  R.  iravadicus , as  they  could 
not  then  be  referred  to  any  of  Ealconer’s  species.  Now,  however,  the  new  specimens 
have  rendered  it  certain  that  these  specimens  likewise  belong  to  Acerotherium 
perimense , though  to  a small-sized  variety.  It  required  the  large  series  of  specimens 
now  possessed  by  the  Indian  Museum  to  show  that  the  variations  from  a common 
standard  occurring  in  many  of  these  teeth  were  merely  varietal  forms.  The  two 
specimens  of  milk-molars  figured  in  figure  4 of  plate  V of  the  first  volume,  and 
referred  in  the  preface  to  R.  iravadicus  will  also  be  shown  in  the  sequel  to  belong, 
in  all  probability,  to  A.  perimense.  In  consequence  of  the  above  re-determinations, 

1 “Cat.  Fos.  Hem.  Vert.,  Mus.  A.  S.  B.”  Calcutta,  1859,  p.  195.  2 Vol.  I,  p.  171.  3 P.  51,  pi.  VI,  figs.  2,  5. 

p.  41,  pi.  V,  figs.  7 and  9.  5 Vol.  XI,  p.  95-  6 Vol,  XII,  p.  47.  7 P.  18,  pi.  V,  figs.  1,  2,  3. 
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the  species  It.  planidens  and  IU  iravadicus  must  be  removed  from  the  list  of  Siwalik 
mammals. 

In  figure  1 of  plate  XL  of  volume  II  of  the  second  series  of  the  “ Transactions 
of  the  Geological  Society,”  two  teeth  of  the  upper  molar  series  of  a rhinoceros  were 
figured,  without  being  specifically  named,  by  the  late  Mr.  Clift.  These  teeth  belong 
to  the  present  species,  as  was  noticed  in  the  first  volume. 

This  completes  the  list  of  previous  notices  of  the  species,  and  I,  therefore, 
now  proceed  to  describe  the  new  specimens  forming  the  subject  of  the  present 
memoir. 

Cranium. — The  cranium,  of  which  two  views  are  given  on  plate  I of  this  volume, 
was  obtained  in  the  year  1878  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab, 
and  is  the  specimen  referred  to  in  the  passage  of  the  Xllth  volume  of  the  “ Records” 
already  quoted.  Before  proceeding  to  describe  the  specimen,  it  will  be  well  to 
mention  the  grounds  on  which  it  is  identified  with  Acerotherium  perimense  of 
Palconer  and  Cautley.1  The  figured  cranium  contains  a series  of  seven  molar 
teeth,  all  much  worn  down,  and  thereby  showing  that  the  cranium  belonged  to  a 
fully  adult  individual.  These  teeth  being  so  much  worn  down  and  partly  concealed 
by  closely  adhering  matrix,  are  not  calculated  to  afford  a satisfactory  figure,  and 
accordingly  the  left  upper  molar  series  of  a rhinoceros  containing  precisely  similar, 
though  less  worn,  teeth  has  been  lithographed  (pi.  II)  in  order  to  illustrate  the 
dentition  of  this  species.  In  the  figured  series  of  molars,  if  the  second  tooth 
from  the  left,  being  the  second  premolar,  be  compared  with  the  perfect  upper 
premolar  of  Acerotherium  perimense  figured  by  Palconer  and  Cautley,2  the 
two  will  be  found  to  be  identical  in  general  characters,  the  only  difference 
being  that  the  c cingulum 5 is  crenulated  in  the  one  specimen  and  simple  in  the 
other ; this,  however,  will  subsequently  be  shown  to  be  a variable  character.  On  the 
similarity  of  these  two  teeth  depends  the  identification  of  all  the  specimens  treated 
of  in  this  volume  with  Acerotherium  perimense  of  Palconer  and  Cautley.  This 
identification  also  fixes  the  serial  position  of  Palconer’s  specimen,  which  had  hitherto 
been  uncertain.  Dismissing  for  a time  the  dentition,  we  may  revert  to  the  con- 
sideration and  description  of  the  cranium.  The  specimen  is  more  perfect  than  is 
usually  the  case  with  the  larger  Siwalik  fossils,  but  has  still  sustained  considerable 
injuries.  It  lacks  the  extremity  of  the  nasals  and  of  the  maxillae ; while  the  pre- 
maxillae are,  of  course,  likewise  wanting.  Both  zygomae  have  been  broken  away 
near  their  origin,  and  the  processes  of  the  squamosal  region  of  the  lower  aspect 
have  also  disappeared.  The  teeth  are  a good  deal  battered,  and  the  ridges  bounding 
the  temporal  fossae  have  also  suffered.  Pressure  has,  moreover,  somewhat  interfered 
with  the  original  symmetry  of  the  skull,  as  is  shown  in  figure  2.  As  before  said,  the 
teeth  indicate  that  the  cranium  belonged  to  an  aged  animal — an  inference  confirmed 
by  the  total  obliteration  of  all  the  cranial  sutures. 

1 Here  and  subsequently  I allude  to  tbe  species  as  an  Acerotherium. 

3 F.  A.  S.,  pi.  LXXV,  fig  15.  In  tbe  description  of  this  plate  tbe  number  of  this  specimen  is  given  wrongly  as 
fig.  14. 
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If  the  skull  be  compared  with  that  of  one  of  any  of  the  living  species  of  rhinoceros* 
it  is  firstly  remarkable  for  its  gigantic  size.  The  next  point  that  strikes  the  observer 
is  the  great  width  and  flatness  of  the  fronto-parietal  region,  which  forms  a nearly 
smooth  triangular  surface,  with  its  base  below  (pi.  I,  fig.  2).  The  great  width  of 
this  surface  in  the  neighbourhood  of  the  occipital  crest  is  especially  notable.  Some 
distance  behind  the  orbit,  there  occurs  on  this  surface  a small  median  oval-shaped 
elevation,  succeeded  by  a slight  depression.  It  has  occurred  to  me  as  just  possible 
that  this  elevation  may  have  carried  a rudiment  of  a posterior  horn.  The  profile 
is  nearly  straight  as  far  as  the  fronto-nasal  suture,  where  there  occurs  a sharp  bend, 
the  planes  of  the  nasals  and  frontals  forming  an  obtuse  angle  with  each  other. 
The  portion  of  the  nasals  remaining  shows  that  these  bones  are  transversely  arched 
their  sides  being  situated  almost  at  right  angles  to  their  upper  surface : when  com- 
plete they  must  have  been  short,  straight,  and  pointed.  They  are  perfectly  smooth 
superiorly,  showing  no  trace  of  the  roughened  and  longitudinally-arched  form  so 
characteristic  of  the  living  forms  of  rhinoceros.  The  form  and  condition  of  these 
bones  also  shows  that  the  animal  had  no  trace  of  any  anterior  horn,  and  the 
species  is  accordingly  referred  to  the  genus  Acerotherium , as  defined  above.  The 
orbit  is  of  great  size,  and  the  vertical  thickness  of  the  skull  in  the  region  of  the 
orbit  is  also  a noticeable  point.  There  do  not  appear  to  be  any  other  points  calling 
for  especial  notice  in  the  general  form  of  the  skull.  Erom  the  obliteration  of  the 
sutures  and  the  somewhat  battered  condition  of  the  specimen,  the  relations  of  the 
component  bones  cannot  be  determined : this  renders  it  impossible  to  say  whether 
the  bones  surrounding  the  external  auditory  meatus  corresponded  to  the  type  of 
B.  indicus  and  B.  javanicus , or  to  that  of  B.  sumatrensis  and  the  African  rhino- 
ceroses. 

Dimensions  of  cranium. — In  the  following  table,  the  dimensions  of  the  figured 
cranium  are  given  in  the  first  column,  while  in  the  second  are  given  such  of  the 
corresponding  dimensions  of  the  original  skull  of  the  European  Acerotherium  inci- 
sivum  as  occur  in  Kaup’s  description;1  the  original  dimensions  were  given  by 
Kaup  in  millimetres,  but  have  here  been  converted  into  inches  and  tenths  for  con- 
venience of  comparison : — 


Length  from  occiput  to  tip  of  nasals 19'0  (broken)  19'6 

Height  of  occiput  from  base  of  foramen  magnum  to  crest  . . . 10-0  8*6 

Greatest  width  of  occiput 12-0 

Breadth  at  postorbital  process  of  frontals  . . . . . 10*5  6'8 

Interval  between  anterior  angle  of  orbit  and  auditory  fissure  . . 13‘2  9'5 

„ „ „ extremities  of  zygomae  ....  12'5 

Vertical  diameter  of  orbit 3'7 

Breadth  of  base  of  nasals 4 0 

Length  of  seven  molars 14'6  lO’O 

Interval  between  inner  surfaces  of  the  first  of  the  molar  series  . . 3‘0  3'3 

„ „ „ „ ,,  last  „ 4*4  3*3 

Long  diameter  of  occipital  condyle 3-2 


1 “ Ossements  Fossiles  d.  Mus.  d,  Darmstadt,”  pt.  Ill,  p.  36.  Darmstadt,  1834. 
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Comparison  with  A.  incisimm.-— From  the  foregoing  table  of  measurements 
it  will  be  apparent  that  the  cranium  of  A.  perimense  is  of  considerably  larger  size 
than  that  of  A.  incisimm,  and  that  the  two  crania  differ  in  the  relative  inclination 
of  the  molar  series.  For  the  purpose  of  making  a better  comparison  with  Kaup’s 
figure  of  the  skull  of  the  latter  species,1  a reduced  and  restored  figure  of  the  skull 
of  the  Indian  species  is  given  in  figure  1 of  plate  IX.  On  comparing  these  two 
figures,  it  will  be  observed  that  there  is  a very  considerable  difference  in  the  profiles 
of  the  two  skulls.  The  nasals  of  the  Indian  specimen  are  much  thicker  at  the 
base,  and,  as  far  as  can  be  inferred  from  the  portion  remaining,  shorter  and  more 
wedge-shaped  laterally,  than  those  of  the  European  form.  The  orbit  in  the  former 
is  more  closely  approximated  to  the  median  plane  of  the  frontals  than  in  the  latter, 
and  there  is  consequently  a greater  depth  from  the  dental  border  of  the  orbit  to 
the  teeth.  The  temporal  fossa  is  wider  and  shorter  in  the  Indian  than  in  the  Euro- 
pean form,  in  consequence  of  which  the  distance  from  the  anterior  border  of  the 
orbit  to  the  occipital  crest  is  proportionately  greater  in  the  latter.  Other  minor 
differences  might  be  indicated,  but  the  above-mentioned,  taken  together  with  the 
great  difference  in  the  form  of  the  teeth,  which  will  be  subsequently  described, 
show  that  the  two  forms  are  markedly  distinct. 

Other  European  species. — There  is  still  considerable  doubt  how  many  species 
of  fossil  European  rhinoceroses  should  be  referred  to  the  genus  Acerotherium. 
The  late  Professor  J.  E.  Brandt,  in  his  synopsis  of  the  living  and  fossil  species  of 
rhinoceroses  and  their  allies,2  only  admits  two  European  species,  in  addition  to 
A.  incisimm , which  are  provisionally  referred  to  the  same  genus.  Of  one  of 
these, — A.  golctfussi, — the  cranium  is,  I believe,  still  unknown;  while  of  the  other, 
A.  minutum,  the  cranium  has  been  figured  by  Kaup,3  and,  under  the  name  of 
Rhinoceros  pleuroceros,  by  Duvernoy.4  The  latter  figure  shows  that  the  skull  is  of 
much  smaller  size  than  our  Indian  specimen,  and  that  the  nasals  are  much  longer, 
more  highly  arched,  and  not  impossibly  bore  a very  minute  anterior  horn.  There 
appears  to  be  some  doubt  whether  Rhinoceros  aurelianensis  (Nouel  of  the  Euro- 
pean miocene  should  not  be  referred  to  Acerotherium : Professor  Gaudry,5  however, 
thinks  it  was  probably  furnished  writh  a small  horn.6  The  nasals  are  more  developed, 
and  the  profile  of  the  skull  less  concave  than  in  A . perimense.  According  to 
M.  H.  Eilhol,7  Acerotherium  ( Rhinoceros ) lemanense  and  4.  croizeti  are  charac- 
terised by  a peculiarity  in  the  molars,  wrhich*  will  be  alluded  to  below : the 
latter  is  further  distinguished  from  the  present  species  by  its  greatly  inferior’ 
dimensions. 

1 Loc.  cit , pi.  X,  fig  2.  4 “ Mem.  d.  l’Akad.  Imp.  d.  Sci.  d.  S.  Pet.,”  Ser.  7,  Vol.  XXVI,  pt.  IV. 

3 “ Beitrage  zur  naher  Kennt.  d.  urwelt.  Sauget.,”  1854,  pt.  1,  pi.  VIII. 

4 “Arch.  d.  Mus.  d’Hist.  Nat.,”  Vol.  VII,  pi.  I,  fig.  2a. 

* “ Les  Enchainements  da  Monde  Animal,  etc.”  p.  18,  fig.  39. 

6 Professor  Cope  (loc.  cit.,  p*229)  refers  this  species  to  the  group  Ceratorhinus : it  is  very  difficult  to  see  on  what 
grounds  this  determination  is  made. 

7 “Ann.  d.  Sci.  Geol.,”  Vol.  XI,  pp.  78-79. 
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American  acerotheria. — In  the  foregoing  list  of  the  species  of  the  genus 
Acerotherium  (with  which  is  combined  the  genus  Aphelops  of  Professor  Cope) 
there  are  enumerated  ten  American  species  of  rhinoceros  provisionally  referred  to 
that  genus,  namely,  A.  crassum,  A.  fossiger,  A.  jemezanus,  A.  malacorliinus, 
A.  megalodus,  A.  meridianum,  A.  mite,  A.  occidentale,  A.  pacificum  and  A. 
truquianum } But  few  of  these  American  species  of  acerotheria  appear  to  he 
represented  by  complete  crania,  and  any  comparison  between  them  and  the  Indian 
representative  of  the  genus  must  consequently  he  deferred  till  the  upper  molars  of 
the  latter  have  been  described. 

Upper  molar  dentition. — The  fine  specimen  of  the  left  upper  maxilla  of  a 
rhinoceros,  of  which  the  dentition  is  represented  in  plate  II,  was  obtained  by 
Mr.  Theobald  in  the  Siwaliks  of  the  Punjab,  and  is  the  specimen  already  alluded  to. 
As  noticed  above,  the  molar  teeth  in  this  jaw  correspond  exactly  with  those  of  the 
skull  just  described;  but  being  less  worn,  and  in  a better  state  of  preservation,  have 
been  selected  for  figuring.  The  specimen  exhibits  the  four  teeth  of  the  premolar 
series,  in  the  last  of  which  the  outer  wall  has  been  somewhat  damaged ; and  the 
first,  and  a considerable  portion  of  the  second,  true  molar.  In  advance  of  the  first 
tooth  of  the  molar  series,  the  section  of  the  jaw  exhibits  the  root  of  an  incisor  tooth. 
The  second,  third,  and  fourth  teeth  (counting  from  the  left)  are  seen  to  belong  to 
the  premolar,  and  not  to  the  milk-molar  series,  from  the  fact  of  the  fourth  tooth 
being  less  worn  than  the  fifth,: — the  first  true  molar. 

1st  premolar. — The  first  tooth  is  of  an  irregularly  triangular  shape,  and  of 
relatively  large  size ; its  crown  is  considerably  more  worn  down  than  that  of  the 
succeeding  tooth,  and  the  whole  tooth  is  more  elevated  above  its  alveolus  than  any 
of  the  others.  It  is,  therefore,  not  improbable  that  this  tooth  in  reality  is  the  first 
of  the  milk-molar  series,  which  has  never  been  replaced  by  a premolar ; it  is,  how- 
ever, more  convenient  to  refer  to  it  as  the  first  premolar.2 

2nd  premolar. — The  second  premolar  has  an  approximately  square-shaped 
crown : the  £ anterior  collis  ’ is  smaller  than  the  posterior,  and  there  is  no  distinct 
‘ crochet  ’ in  the  e median  valley.’  A very  well-marked  sinuous  and  crenulated 
e cingulum  ’ surrounds  the  greater  part  of  three  sides  of  the  crown : this  ‘ cingulum  ’ 
on  the  inner  side  rises  high  above  the  entrance  to  the  * median  valley.’  The  c dorsum,’ 
or  external  surface  of  the  crown,  is  nearly  flat,  hut  presents  a slight  tendency  to 
be  thrown  into  vertical  folds  at  its  antero-external  angle.  This  tooth  corresponds 
almost  exactly  to  the  left  upper  premolar  figured  in  the  “ Eauna  Antiqua  Siva- 
lensis”3  under  the  name  of  Rhinoceros  {Acerotherium)  perimense,  and,  as  already 

1 In  his  last  paper  on  the  extinct  rhinocerotidse  of  America  ( loc . cit.,)  Professor  Cope  omits  some  of  the  above 
mentioned  species ; it  is,  however,  not  stated  on  what  grounds  these  omissions  are  made,  and  they  are  accordingly  all 
mentioned  in  this  work.  As  well-established  species  like  It.  deccanensis  and  A.  perimense  are  likewise  omitted  from 
the  same  list,  it  may  he  that  the  other  omissions  are  due  to  want  of  care,  though  this  seems  strange,  seeing  that  several 
of  them  were  named  by  the  author  of  the  paper  in  question. 

2 For  the  homology  and  replacement  of  this  tooth,  see  the  above-quoted  paper  by  the  author  in  the  “ Journal  of  the 
Asiatic  Society  of  Bengal,”  Vol.  XLIX,  pt.  II,  p.  135. 

3 PI.  LXXV,  fig.  15  (numbered  14  in  description  of  plate). 
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mentioned,  it  is  on  this  identification  that  the  specific  determination  of  the  cranium 
and  other  teeth  of  this  species  depends.  The  tooth  figured  by  Falconer  is  cfrawn  of 
half  the  natural  size,  and  is  slightly  smaller  than  our  specimen.  The  former  further 
differs  from  the  latter,  in  that  the  ‘ cingulum  ’ is  not  distinctly  crenulated,  and  that 
on  the  inner  side  it  bends  outwards  into  the  entrance  of  the  c median  valley,’  in 
place  of  passing  straight  across  it.  These,  .however,  are  trifling  differences,  and  a 
specimen  of  the  corresponding  tooth  figured  hy  myself  in  the  preceding  volume  of 
this  series1  is  intermediate  in  these  respects  between  the  other  two  homologous 
teeth,  the  ‘ cingulum  ’ being  partly  crenulated,  and  extending  a short  distance  into 
the  ‘ median  valley.’  In  the  figure  in  the  previous  volume  last  referred  to,  two 
molars  are  drawn,  and  these  were  originally  considered  to  be  respectively  the  last 
premolar  and  the  first  true  molar,  in  place  of  the  second  and  third  premolars.  The 
grounds  of  this  determination  were,  firstly , that  the  serial  position  of  Falconer’s 
figured  premolar  was  unknown ; and,  secondly , that  of  my  own  two  figured  specimens, 
the  smaller,  or  anterior  tooth,  as  is  stated  on  page  51  (33)  of  the  first  volume,  is 
less  worn  than  the  larger  and  succeeding  tooth  (right  side  of  figure).  In  normal 
cases  this  would  indicate  that  the  smaller  tooth  was  the  last  premolar,  and  the 
larger  the  first  true  molar,  and  accordingly  the  teeth  were  so  reckoned.  The 
present  complete  specimen  of  the  dentition  has,  however,  shown  that  this  determina- 
tion was  erroneous,  and  that  consequently  the  degree  of  relative  wear  of  the  two 
teeth  figured  in  the  first  volume  must  be  due  to  some  abnormality  in  the  time  of 
their  appearance  above  the  gum.  The  teeth  figured  in  the  first  volume  being 
reckoned,  respectively,  as  the  last  premolar  and  the  first  true  molar,  it  was  on  that 
supposition  totally  impossible  that  the  true  molars  referred  in  that  volume  to 
R.  planidens  could  belong  to  Aeerotherium  perimense,  and  they  were  accordingly 
assigned  to  a new  species. 

Another  incomplete  specimen  of  a second  upper  premolar,  which  has  been 
referred  to  Aeerotherium  perimense , is  drawn  in  figure  6 of  plate  VI  of  volume  I. 
This  tooth  was  originally  described  as  belonging  to  an  unknown  species  of  Rhinoceros, 
and  was  obtained  from  the  lower  Manchhar  rocks  of  Sind.  It  stiows  a wavy  but 
uncrenulated  cingulum  passing  entirely  across  the  entrance  to  the  ‘median  valley,’ 
as  in  the  specimen  figured  in  this  volume.  It,  however,  presents  a distinct  ‘ crochet,’ 
which  is  Wanting  in  the  other  figured  specimens,  though  there  seems,  judging  from 
other  teeth,  to  be  some  range  of  variability  in  this  respect.  The  determination  of 
this  tooth  is,  therefore,  still  open  to  a certain  degree  of  doubt.  The  first  of  the  two 
upper  molars  of  a fossil  rhinoceros  from  Burma  figured  by  Mr.  Clift,2  and  already 
referred  to,  corresponds  in  general  form  with  the  second  upper  premolar  of  A.  peri- 
mense, and  is  consequently  referred  to  that  species  ;3  the  second  tooth  in  Mr.  Clift's 
figure  will  consequently  be  the  third  upper  premolar.  In  the  second  premolar,  as 
far  as  can  be  inferred  from  the  figure,  the  ‘ cingulum’  is  less  developed  in  both  teeth 

1 PL  VI.  fig;  5.  2 “ Trans.  Geol.  Soc.,”  2nd  Ser.,  vol.  II.,  pi.  XL.,  fig.  1. 

3 This  determination  was  first  made  in  the  first  volume  of  this  series  (p.  52),  but  the  serial  position  of  the  two  teeth 
was  incorrectly  determined. 
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than  in  the  specimen  figured  in  this  volume,  and  more  resembles  the  specimen 
figured  *in  the  first  volume  of  this  series.  Prom  the  comparison  of  the  various 
available  specimens  of  the  second  upper  premolar  of  the  present  species,  it  will  he 
apparent  that  slight  variations  in  the  form  of  the  ‘ cingulum  ’ of  this  tooth  may 
occur,  which  cannot  he  reckoned  as  of  greater  importance  than  mere  individual 
characters. 

3rd  premolar. — The  penultimate  premolar,  the  third  tooth  from  the  left  in  the 
figure,  is  of  considerably  larger  dimensions  than  either  of  the  preceding,  its  trans- 
verse diameter  being  greater  than  the  longitudinal.  In  this  tooth,  as  in  all  the 
succeeding  ones,  the  ‘ anterior  collis  ’ is  stouter  than  the  posterior.  The  ‘ pass  5 into 
the  * median  valley  5 is  situated  at  a considerable  distance  within  the  mouth  of  the 
valley,  the  latter  becoming  suddenly  very  deep  behind  the  ‘ pass.’  When  worn  down, 
this  tooth,  like  the  succeeding  teeth,  would  present  two  ‘ fossettes  ’ on  the  crown 
(formed  by  the  outer  part  of  the  ‘ median  valley,’  and  by  the  * posterior  valley  ’),  and 
a notch  on  the  inner  border  (formed  by  the  outer  half  of  the  ‘ median  valley  ’).  The 
e cingulum  ’ is  distinctly  crenulated,  and  occupies  the  greater  portion  of  three  sides 
of  the  crown ; it  is,  however,  interrupted  on  the  inner  surface  of  the  ‘ posterior 
collis.’  There  is  no  distinct  c crochet,’  but  there  is  a rudimentary  c combing-plate.’ 
The  ‘ dorsum  ’ of  this  tooth  is  nearly  flat,  but  shows  a tendency  to  the  development 
of  a ‘ buttress  ’ at  its  antero-external  angle.  This  tooth  corresponds  very  closely 
with  two  specimens  of  the  corresponding  tooth  drawn  in  figures  2 and  5 of  plate 
VI  of  the  first  volume  of  this  work.  In  the  former  of  those  specimens,  however, 
the  ‘ crochet  ’ is  more  distinctly  developed,  and  the  antero-external  angle  of  the 
crown  more  bevelled  of.  Mr.  Clift’s  specimen  has  been  already  noticed. 

4th  premolar. — The  last  premolar,  the  fourth  tooth  from  the  left  in  the 
figure,  has  much  the  same  general  characteristics  as  the  preceding  tooth,  the  main 
points  of  difference,  irrespective  of  size,  being  the  greater  development  of  the  ‘ but- 
tress ’ at  the  antero-external  angle  of  the  crown,  and  the  presence  of  a distinct 
‘crochet.’ 

1st  true  molar. — The  first  true  molar,  the  fifth  tooth  from  the  left,  is  distin- 
guished from  either  of  the  two  preceding  teeth  by  its  antero-posterior  diameter  being 
greater  than  the  transverse.  The  antero-external  angle  of  the  crown  is  produced  into 
a well-marked  ‘ buttress,’  and  the  ‘ dorsal  ’ surface  is  in  consequence  considerably 
sinuated.  The  ‘ anterior  collis  ’ is  of  great  stoutness,  and  bears  on  its  anterior  surface 
a vertical  groove,  while  on  its  posterior  surface  there  is  a vertical  ridge  projecting 
into  the  ‘median  valley,’  which  may  conveniently  be  termed  the  ‘ante-crochet.’ 
The  ‘ median  valley  ’ is  wide  and  spacious,  and  deepens  continually  from  its  entrance, 
there  being  no  internal  ‘ pass  ’,  as  in  the  premolars  : a large  and  blunt  ‘ crochet  ’ 
projects  obliquely  into  the  ‘median  valley’  from  the  ‘posterior  collis.’  On  the 
internal  face  of  the  tooth,  the  ‘ cingulum  ’ is  interrupted  on  the  two  ‘ colies,’  so  as  to 
form  three  distinct  portions, — an  anterior,  a median,  which  makes  a tubercle  at  the 
entrance  to  the  ‘ median  valley,’  and  a posterior  portion.  The  ‘ posterior  valley  ’ is 
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large  and  triangular  in  shape  : the  postero-external  angle  of  the  tooth  is  produced 
into  a wedge-shaped  process. 

Identity  with  11.  planidens. — If  this  tooth  he  compared  with  the  two  fragmen- 
tary upper  molars,  drawn  in  figures  7 and  9 of  plate  IV  of  the  first  volume  of  this 
work,  and  upon  the  evidence  of  which  the  new  species  I.  planidens  was  founded, 
it  will  he  at  once  apparent  that  all  three  teeth  belong  to  the  same  species. 

2nd  true  molar. — The  second  true  molar  in  the  figured  upper  dentition  is  un- 
fortunately so  much  broken  that  only  its  anterior  half  remains.  This  portion  shows 
that  the  tooth  had  a large  antero-external  c buttress,’  and  that  the  ‘ cingulum  ’ was 
interrupted  on  the  inner  surfaces  of  the  two  * colies. ’ There  is  a large  c crochet,’ 
and  the  rudiment  of  a c combing-plate,’  which,  however,  does  not  extend  to  the  base 
of  the  e median  valley.’  As  this  tooth  is  so  imperfect,  another  and  complete  speci- 
men* also  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab,  has  been 
drawn  in  figure  3 of  plate  III.1  This  tooth  agrees  very  closely  in  general  characters 
with  the  second  true  molar  in  the  previous  plate,  and  is  evidently  the  corresponding 
tooth  of  the  opposite  (right)  side  of  the  jaw  of  the  same  species.  The  isolated  tooth, 
however,  differs  slightly  in  the  form  of  the  c cingulum  ’ from  the  corresponding  tooth 
in  the  full  series.  This  difference  consists  in  the  fact  of  the  ‘ cingulum  ’ being 
less  distinctly  crenulated  and  more  closely  applied  to  the  surface  of  the  crown,  and 
also  that  it  forms  a continuous,  although  a thin,  fine  along  the  internal  surface  of 
the  ‘ anterior  collis.’  In  respect  of  the  form  of  the  ‘ median  valley,’ e crochet,’  and 
‘ colies,’  the  two  teeth  are  identical. 

Identity  with  R.  iravadicus. — If  the  figure  of  the  above-described  second  upper 
true  molar  of  A.cerotherium perimense  (pi.  III.,  fig.  3)  he  compared  with  the  corre- 
sponding tooth  of  a rhinoceros  from  Burma,  drawn  in  plate  V,  fig.  2 of  the  first 
volume  of  this  work  under  the  name  of  R.  iravadicus,  it  will  he  found  that  in 
general  characters  the  two  teeth  are  absolutely  alike,  and  they  must  consequently  he 
referred  to  the  same  species.  As  the  last  mentioned  tooth,  together  with  a corre- 
sponding tooth  of  the  opposite  side  (vol.  I.,  pi.  V.,  fig.  1)  were  the  types  on  which  the 
species  R.  iravadicus  was  established,  it  is  evident  that  this  species  must  he  merged 
in  Acerotherium  perimense.  It  was  impossible,  from  the  materials  at  hand  at  the 
time  of  publication  of  the  second  part  of  the  first  volume,  to  identify  the  teeth 
described  under  the  name  of  R.  iravadicus,  either  with  those  described  as  R.  plani- 
dens, or  with  those  as  A.  perimense.  It  has  been  shown  that  there  is  a certain 
amount  of  variability  in  the  upper  molar  teeth  of  A.  perimense,  and  it  required  a 
large  series  of  specimens  to  demonstrate  the  unity  of  species  of  these  several  varieties. 
In  figure  3 of  plate  V.  of  the  first  volume  an  imperfect  occiput  of  a rhinoceros  from 
Burma,  was  also  figured  under  the  name  of  R.  iravadicus.  As  far  as  can  he  judged 
from  this  specimen,  it  appears  to  agree  very  closely  in  form  with  the  cranium  of 
A . perimense  described  above,  and  may,  therefore,  probably  be  referred  to  that  species. 

1 The  specimen  was  lithographed  in  my  absence,  and  has  unfortunately  been  placed  somewhat  out  of  its  proper 
position. 
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In  figure  4 of  the  same  plate  are  drawn  two  upper  milk-molars  of  a rhinoceros, 
which  were  also  considered  in  the  preface  to  belong  to  the  same  species  as  the 
true  molars.  It  will  be  shown  in  the  sequel  that  these  teeth  also  may  probably  be 
referred  to  A.  perimense,  so  that  the  name  R.  iravadicus  must  be  withdrawn.  As 
will  be  seen  from  an  inspection  of  the  figures,  the  upper  molars  of  A.  perimense 
from  Burma  are  of  considerably  smaller  size  than  those  from  the  Punjab;  and, 
as  the  same  will  subsequently  be  shown  to  be  the  case  with  the  milk-molars,  it  may 
not  be  improbable  that  there  existed  a smaller  Burmese  race  of  the  species. 

Last  upper  true  molar. — Of  the  last  upper  true  molar  of  Acerotherium  peri- 
mense,  a specimen  from  the  right  side  is  drawn  in  figure  5 of  plate  III.  This 
specimen  is  one  of  an  associated  set  of  upper  molars  from  Mr.  Theobald’s  Punjab 
collection.  The  anterior  teeth  are  in  general  characters  precisely  similar  to  those 
already  figured,  and,  therefore,  need  no  further  mention.  The  last  true  molar 
shows  a large  ‘cingulum’  surrounding  the  ‘anterior  collis,’ the  latter  being  of 
great  size  and  thickness.  A large  tubercle,  which  may  be  considered  as  a detached 
portion  of  the  e cingulum,’  obstructs  the  entrance  to  the  ‘ median  valley.’  The 
‘posterior  collis’  is  thin,  and  gives  off  a distinct  ‘ crochet’ projecting  into  the 
‘ median  valley.’  The  antero-external  angle  is  produced  into  a strong  ‘ buttress.’ 

Dimensions  of  upper  molar  series. — Having  now  passed  in  review  the  whole 
of  the  upper  series  of  molar  teeth  of  this  species,  we  may  firstly  give  the  dimen- 
sions of  the  figured  specimens,  and  then  proceed  to  institute  comparisons  between 
them  and  the  molars  of  other  species  of  the  genus.  The  following  table  gives  the 
dimensions  of  the  five  complete  anterior  teeth  drawn  in  plate  II,  and  of  the  two 
later  teeth  in  figures  3 and  5 of  plate  III  : — 


Length  of  first  premolar 1'3 

Width  of  „ „ 1-15 

Length  of  2nd  „ . . . . 1’6 

Width  of  „ „ . ■ T9 

Length  of  3rd  „ 1’9 

Width  of  „ „ 2 8 

Length  of  4th  „ 2 2 

Width  of  „ „ 3-2 

Length  of  1st  true  molar 3‘2 

Width  of  „ „ 3'2 

Length  of  2nd  „ ...........  3'35 

Width  of  „ „ 3-3 

Length  of  3rd  „ 3'2 

Width  of  „ „ 32 


General  characters  of  upper  molars. — The  foregoing  descriptions,  with  the 
accompanying  plates,  will  have  shown  that  the  teeth  of  the  upper  molar  series  of 
Acerotherium  perimense  are  formed  on  the  general  plan  of  those  of  the  living 
Sumatran  and  Javan  rhinoceroses  (R.  sumatrensis  and  R.  javanicus ). 

They  are  characterised  by  a ‘buttress’  at  the  antero-external  angle;  by  a more 
or  less  complete  ‘ cingulum,’  which  always  forms  a tubercle  at  the  entrance  to  the 
1 median  valley  ’ ; by  the  presence  of  a ‘ crotchet,’  and  by  the  normal  absence  of  a 
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f combing-plate’  and  of  a third  or  ‘accessory  fossette’  on  the  well  worn  crown. 
The  ‘cingulum’  is  more  developed  in  the  premolars  than  in  the  true  molars;  while 
the  reverse  of  this  arrangement  prevails  with  regard  to  the  c buttress  ’ and  the 
c crochet.’  Although,  as  already  said,  agreeing  in  general  plan  with  those  of  the 
Sumatran  and  Javan  rhinoceros,  the  molars  of  the  Perim  species  are  at  once  broadly 
distinguished  by  the  presence  of  the  large  ‘ cingulum.’ 

Comparisons  with  molar  series  of  other  species  of  Siwalik  rhinoceros. — Although 
the  cranium  of  the  present  species  at  once  distinguishes  it  from  the  crania  of  all 
the  other  species  of  Siwalik  rhinoceros,  it  may  he  well  to  point  out  how  the  teeth 
may  he  distinguished,  as  they  are  the  remains  most  frequently  met  with  in  the 
fossil  condition.  Now  that  the  two  so-called  species,  B.  planiclens  and  JR.  ira- 
vadicus,  are  shown  to  be  indentical  with  the  present  species,  there  only  remains 
JR.  platyrliinus,  B.  palceindicus , and  JR.  sivalensis  for  comparison.  The  upper  molars 
of  the  first  of  these  species1  are  formed  on  the  type  of  JR.  indicus , — that  is,  they 
have  no  external  buttress,  hut  a * comhing-plate  ’ and  ‘ accessory  fossette  ’ on  the 
■worn  crown,  and  are,  therefore,  totally  unlike  those  of  the  present  species.  The 
upper  molars  of  JR.  palceindicus2,  have  a much  less  developed  ‘buttress’  at  the 
antero-external  angle,  a larger  ‘ crochet  ’ extending  across  the  ‘ median  valley,’  so 
as  not  unfrequently  to  cut  off  a third  or  ‘accessory  fossette’  on  the  much- worn 
crown:  the  ‘cingulum’  and  tubercle  at  the  entrance  of  the  ‘median  valley’  so 
characteristic  of  the  present  species,  are  in  general  practically  absent  in  JR.  palce- 
indicus. The  upper  molar  series  of  JR.  sivalensis 3 approaches  nearer  in  general 
plan  of  structure  to  that  of  the  Perim  hornless  rhinoceros ; hut  the  teeth  are  at 
once  distinguished  by  the  absence  of  any  trace  of  a * cingulum’  on  the  inner  sur- 
face, or  of  any  tubercle  at  the  entrance  to  the  ‘ median  valley.’  The  ‘crochet’  of 
the  premolars,  as  will  he  noticed  below,  is,  moreover,  much  more  developed  in 
JR.  sivalensis. 

Resemblance  to  R.  deccanensis. — In  describing  the  second  upper  premolar 
subsequently  referred  to  Acerotlierium  perimense  from  Sind,  hut  which  I was  then 
unable  to  refer  to  that  species,  in  the  first  volume  of  this  series,4 1 commented 
upon  the  resemblance  which  it  presented  to  the  premolars  of  Rhinoceros  dec- 
canensis of  Mr.  Poote,5  and  consequently  inferred  that  the  latter  species  showed 
indications  of  affinity  with  the  older  forms  of  the  family, — a very  noticeable  fact 
in  a pleistocene  species.  The  subsequently-acquired  specimens  have  fully  borne 
out  the  resemblance  between  the  molars  of  the  two  forms.  If  the  figures  of  the 
upper  premolars  given  by  Mr.  Poote  he  compared  with-  those  of  A.  perimense 
given  in  this  volume,  it  will  be  apparent  that  there  is  a most  marked  resemblance 
between  them.6  The  common  features  are  the  large  ‘ cingulum,’  and  the  approxi- 

1 Infra,  pi.  VIII.  2 PL  VI;  fig.  1.  F.  A.  S.,  pi.  LXX,  fig.  1.  3 Supra,  Vol.  I,  pi.  V,  fig.  5. 

4 Pp.  44 — 5.  8 Supra,  Vol,  I,  p.  I,  et.  seq.,  pi.  I. 

6 In  Mr.  Foote’s  specimen  the  first  premolar  is  wanting,  and  therefore  the  first  three  teeth  in  that  figure  cor- 
respond to  the  second,  third,  and  fourth  teeth  in  m3"  figure. 
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mation  of  the  bases  of  the  two  ‘ colles.5  The  ‘cingulum’  in  R.  deccanensis 
appears  to  exist  as  a more  distinct  ledge  than  in  the  Perim  acerothere,  and  is 
not  crenulated ; — the  latter  character,  however,  seems  to  be  a variable  one.  The 
‘ crochet’ is  strongly  developed  in  the  third  premolar  of  the  Deccan  rhinoceros, 
and  the  buttress  at  the  antero-  external  of  both  premolars  and  molars  is  very  slight, 
in  which  respect  this  species  differs  from  the  Perim  acerothere.  In  the  dilapidated 
condition  of  the  molars  of  the  former,  a close  comparison  would  be  difficult. 
The  two  species  were,  however,  in  all  probability  widely  different  in  their  anterior 
teeth;  R.  deccanensis  had  certainly  no  incisors  in  the  lower,  and  probably 
none  in  the  upper  jaw;  while  A.  perimense  probably  possessed  these  teeth  in 
both  jaws. 

Comparison  with  European  aeerotlieria . — It  will  be  unnecessary  to  institute 
a comparison  between  the  upper  molars  of  Acerotherium  perimense  and  those  of 
fossil  European  species  of  Rhinoceros , since  the  difference  in  the  crania  affords 
abundant  ground  of  distinction ; the  comparisons  are,  therefore,  confined  to  the 
genus  Acerotherium.  The  molars  of  A.  incisioum / apart  from  their  greatly  inferior 
size,  are  distinguished  by  the  ‘cingulum’  being  much  smaller,  more  closely  applied 
to  the  tooth,  never  crenulated,  or  interrupted,  and  not  forming  a large  and  distinct 
tubercle  at  the  entrance  to  the  ‘ median  valley.’  The  premolars  are  also  more  equal 
in  size  than  are  those  of  the  Perim  species,  and  there  are  numerous  minor  differ- 
ences in  the  form  of  the  teeth  of  the  two  species,  which  can  be  best  understood 
by  an  inspection  of  the  figures.  The  most  important  of  these  minor  differences  is 
the  tendency  to  the  formation  of  a third,  or  ‘ accessory  fossete,’  in  the  worn  pre- 
molars of  A.  incisivum,  which  is  totally  wanting  in  A.  perimense.  Of  the  upper 
teeth  of  A.  goldfussi , the  best  figure  available  is  that  of  a molar  given  by  Kaup  2 
This  tooth  appears  to  have  a less  completely  developed  ‘ cingulum  ’ than  the  teeth 
of  A.  perimense  figured  here,  but  agrees  in  this  respect  more  nearly  with  this  part  of 
the  teeth  of  the  latter  figured  in  plate  VI.,  figure  5 of  volume  I.  The  small  figures 
of  upper  molars  of  A.  goldfussi  given  by  Kaup3  indicate  no  tubercle  at  the  entrance 
of  the  ‘ median  valley  :’  and  no  cingulum  in  the  last  true  molar.  The  upper  molars 
of  A.  minutum 4 and  A.  eroizeti, 5 are  sufficiently  distinguished  from  those  of  the 
present  species  by  their  inferior  size,  as  well  as  by  their  possessing  no  distinct 
£ cingulum  ’ on  their  inner  surface.  The  molars  of  A.  eroizeti  and  A.  lemanense 
are,  according  to  M.  Eilhol,6  distinguished  by  the  absence  of  the  ‘ crochet.’ 

Dentition  of  American  acerotheria. — Of  the  ten  species  of  American  rhino- 
ceroses provisionally  referred  to  the  genus  Acerotherium  noticed  above,  the  upper 
true  molars  of  A.  crassum 7 have  no  distinct  tubercle  at  the  entrance  to  the 
‘median  valley.’  In  A.  fossiger 8 there  is  no  ‘cingulum’  to  the  true  molars. 

1 Kaup.  “ Oss.  Foss.  d.  Mus.  d.  Darmstadt,”  pi.  xiv.,  fig.  5.  2 Loc.  cit.,  pi.  xii.,  fig.  12. 

3 “ Beit,  zur  naher  Kennt.  d.  urwelt.  Sauget.,”  pt.  I,  pi.  Jl.  4 “ Oss.  Foss.  d.  mus  d.  Darmstadt." 

5 Filhol.  op.  cit.  6 Op  cit.  7 “ Journ.  Acad.  Nat.  Sci.  Philad.,”  2nd  ser.,  vol.  vii.,  pi.  xiii.  fig.  8. 

8 “ Bui.  U.  S.  Geol.  Geog.  Surv.,”  vol.  v.,  p.  237. 
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A.  jemezanm,1  was  described  upon  the  evidence  of  the  mandible  only,  and  I do  not 
know  whether  the  upper  molars  have  been  subsequently  discovered.  In  A.  mala- 
corhinus2  the  4 cingulum  ’ extends  continuously  round  the  whole  of  the  inner 
surface  of  all  the  premolars,  being  never  interrupted  as  in  A.  perimense.  In  A. 
megalodus , as  far  as  I can  gather  from  Professor  Cope’s  description,3  there  is  no 
* crochet  ’ in  the  upper  true  molars,  and  the  6 cingulum 5 is  wanting  from  the  4 poste- 
rior collis  5 of  the  premolars. 

The  upper  molars  of  A.  meridianum 4 present  a considerable  resemblance  to  those 
of  the  Indian  species.  As  far,  however,  as  I can  judge  from  the  figure,  they  appear 
to  differ  by  the  greater  development  of  the  protuberance  from  the  c anterior  collis  ’ 
into  the  4 median  valley’  in  the  premolars,  and  also  by  the  simpler  form  of  the 
‘ cingulum.’ 

A.  mite5  is  readily  distinguished  from  the  present  species  by  the  fact  of  the 
4 colies 5 (‘  transverse  crests  ’ of  Prof.  Cope)  of  the  premolars  being  united  on  the 
inner  side,  and  by  there  being  no  4 cingulum  ’ on  the  inner  surfaces  of  the  true 
molars. 

In  A.  occididentale6  the  premolars  present  a very  considerable  resemblance  to 
those  of  the  present  species  ; the  true  molars  are,  however,  readily  distinguished  by 
the  absence  of  any  distinct  4 crochet 5 and  by  differences  in  the  form  of  the  6 cingu- 
lum.’ The  upper  molars  of  A.  pacificism1  are  characterised  by  a small  and  con- 
tinuous 4 cingulum,’  and  by  the  absence  of  a 6 crochet,’  and  £ buttress  ’ at  the  antero- 
external  angle.  Of  A.  truquianum  I have  been  unable  to  discover  a description  of 
the  upper  molars. 

General  characters  of  upper  molars . — It  has  now  been  shown  that,  as  far  as 
the  materials  for  comparison  are  available,  the  Perim  Island  acerothere  seems  to  be  a 
distinct  species,  and  consequently,  in  treating  of  the  other  remains  referred  to 
that  species,  it  will  be  unnecessary  to  institute  comparisons  between  them  and  those  of 
other  species.  In  the  upper  molar  dentition  of  A.  perimense,  the  most  noticeable 
general  points  are  that  the  whole  dentition  is  generally  less  specialised  than  that 
of  Rhinoceros.  This  want  of  specialisation  is  shown  in  the  general  completeness  and 
great  development  of  the  4 cingulum,’  which  is  more  marked  in  the  premolars  than 
in  the  true  molars,8  and  is  a character  connecting  the  genus  with  the  generalised 

i n Proceedings  Acad.  Nat.  Sci.  Philad.,”  1875,  p.  260. 

3 “ ul.  U.  S.  Geol.  Geog.  Surv.”  vol.  v.,  p.  237. 

3 “ U.  S.  Geol.  Geog.  Surv.  of  Colorado,”  1873,  p.  52. 

4 “ U.  S.  Geog.  Surv.  W.  of  100th  Merid.,”  vol.  iv.,  pi.  Ixxiii.,  fig.  I. 

6  “ U.  S.  Geol.  Geog.  Surv.  of  Colorado,”  1873,  p.  494. 

6 “ Jour.  Acad.  Nat.  Sci.  Phil.,”  2 Ser.,  Vol.  VII.,  pi.  xxii.  {Rhinoceros  occidentalis) . 

7 Leidy.  “ Contri.  to  Ext.  Vert.  Fauna  of  West.  Territories.”  U.  S.  Geol.  Surv.,”  pi.  II.,  fig.  6,  7 {Rhinoceros pad- 
ficus'). 

8 On  page  15  of  the  first  volume  of  this  series  it  is  stated  by  Mr.  Foote  that  “in  R . perimensis,  Falconer,  the 
guard  (cingulum)  is  absent  from  the  upper  premolars.”  It  is  difficult  to  see  how  this  statement  originated,  since  the 
only  complete  tooth  figured  by  Falconer  was  a premolar  with  a most  marked  ‘ cingulum.’  The  premolars  of  R.  decca- 
nensis  in  respect  of  the  presence  of  a large  ‘cingulum,’  approach  very  closely  to  those  of  A.  perimense ; the  true  molars 
of  the  latter  have,  however,  a 1 buttress,’  which  is  wanting  in  the  former. 
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tapiroid  and  palseotheroid  types,  such,  as  Hyracodon,  Palceotherium,  etc.  The 
same  want  is  shown  in  the  absence  of  the  ‘crochet’  in  the  earlier  premolars. 
The  absence  of  any  distinct  * combing-plate  ’ indicates  affinity  with  the  species  of 
rhinoceros  having  a molar  dentition  constructed  on  the  type  of  that  of  the  Sumatran 
rhinoceros,  a less  complex  type  than  that  occurring  in  the  tichorhine  and  Indian 
rhinoceroses. 

Palate  from  Perim  Island.^-  Since  the  above  descriptions  were  written,  another 
specimen  of  the  upper  dentition  of  this  species  has  come  under  the  author’s  notice. 
The  specimen  belongs  to  the  museum  of  the  Bombay  Branch  of  the  Royal  Asiatic 
Society,  and  has  been  already  alluded  to  in  another  publication  of  the  Survey.1  It 
was  obtained  from  the  Siwaliks  of  Perim  Island  in  the  gulf  of  Cambay.  By  the 
courtesy  of  the  Council  of  the  above  mentioned  Society,  the  specimen  has  been  tem- 
porarily lent  to  the  Indian  Museum,  with  permission  to  describe  and  figure ; and 
accordingly  a figure  of  the  molar  dentition  of  the  right  side  has  been  intercalated 
among  the  plates  accompanying  this  memoir  (pi.  II  A.). 

The  specimen,  which  bears  numerous  recent  bivalves  on  its  surface  testifying 
to  its  place  of  origin,  comprises  the  greater  portion  of  the  palate,  exhibiting  on  the 
right  side  all  the  molar  series,  with  the  exception  of  the  first  tooth ; and  on  the  left, 
the  three  true  molars  only.  The  molar  series  of  the  right  side,  being  the  more 
complete,  has  been  selected  for  illustration.  In  the  figured  series,  the  first  true 
molar  has  been  considerably  damaged,  but  the  remaining  five  teeth  are  in  a fair 
state  of  preservation.  A comparison  of  the  additional  plate  with  plate  II  will  at 
once  show  that  the  two  series  of  teeth  belong  to  the  same  species.  The  Perim 
specimen  is,  however,  important  from  the  fact  that  in  all  the  teeth  the  ‘ cingulum  ’ 
is  much  less  developed  than  in  the  Punjab  specimen.  A similar  variation  has  already 
been  noticed  in  the  case  of  isolated  teeth  of  the  species.  The  Perim  specimen  is 
further  important,  in  that  it  shows  the  complete  last  true  molar,  but  slightly  worn, — 
a tooth  lacking  in  the  Punjab  specimen. 

The  dimensions  of  the  Perim  specimen  are  as  follows : — 


Width  of  palate  between  last  true  molars 
„ „ 1st 

Length  of  three  true  molars 

„ of  molar  series  (five  teeth) 

„ of  2nd  premolar  . 

Width  of  „ „ ... 

„ of  3rd  „ ... 

Length  of  4th  „ ... 

Width  of  „ „ ... 

Length  of  1st  true  molar  . 

Width  of  „ „ ... 

Length  of  2nd  „ ... 

Width  of  „ „ ... 

Length  of  3rd  „ ... 

Width  of  „ „ ... 


52 

4-32 

7-8 

13-2 

2- 05 
2 09 
28 
2-2 

3- 3 
3-1 
3-4 

31 
3-4 
2-09 

32 


E.  G.  S.  I.,Vol.XrV.,  p.  150, 
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Upper  milk-molars. — In  figure  2 of  plate  III  of  this  volume  are  drawn  two 
upper  molars  of  a rhinoceros,  collected  by  Mr.  Theobald  in  the  Siwaliks,  near  the 
village  of  Asnot,  in  the  Punjab.  These  teeth  are  implanted  in  a fragment  of  the  left 
maxilla,  which  also  shows  the  bases  of  the  crowns  of  other  teeth  on  either  side  of 
the  two  now  remaining.  Below  the  broken  crown  of  the  tooth  on  the  right  side  of 
the  figure,  there  is  seen  in  the  jaw  the  germ  of  another  tooth,  which  would  have 
replaced  vertically  the  tooth  above  it.  The  presence  of  this  germ-tooth  in  the  jaw 
proves  that  the  tooth  above  it,  and  all  the  teeth  in  advance  of  it,  must  belong  to 
the  milk -molar  series ; consequently,  the  two  figured  teeth,  as  they  are  in  advance 
of  the  tooth  above  the  germ,  and  as  they  again  had  another  tooth  in  advance  of 
them,  must  be  the  second  and  third  upper  milk-molars  of  a rhinoceros,  and  it  now 
only  remains  to  consider  to  what  species  they  belong.  Of  the  three  species  of 
Siwalik  rhinoceros  besides  the  present,  the  milk-molars  of  R.  palceindicus  are  known 
with  tolerable  certainty,  and  will  be  noticed  below.  Milk-molars  of  two  other 
types  are  also  known,  and,  as  will  be  seen  below,  are  referred  with  a fair  amount  of 
probability,  respectively,  to  R.  sivalensis  and  R.  platyrhinus.  There  now  only 
remains  A.  perimense,  to  which  the  specimens  may  be  referred,  and  they  have 
accordingly  been  provisionally  so  assigned.  This  identification  is  rendered  the  more 
probable  for  the  following  reasons ; firstly,  the  figured  specimens  come  from  a dis- 
trict of  the  Punjab  where  the  remains  of  A.  perimense  are  of  extremely  common 
occurrence ; secondly,  they  are  of  relatively  large  size,  and,  therefore,  accord  well 
with  the  permanent  teeth  of  that  species ; and,  thirdly,  they  belong  to  the  same 
species  as  two  upper  milk-molars  from  Burma,  where  only  one  species  of  fossil 
rhinoceros1  is  yet  known  to  have  existed.  The  latter  teeth  have  already  been  figured 
in  plate  V,  figure  4 of  the  first  volume  of  this  work,  and  were  originally  described 
on  pages  45  and  46  as  premolars,  but  not  specifically  determined.  Subsequently, 
in  the  preface  to  the  same  volume  (p.  xiii),  it  was  shown  that  these  teeth 
were  milk-molars,  and  that  they  might  very  probably  belong  to  R.  iravadicus. 
Since  that  species  has  been  shown  to  be  the  same  as  Acerotherium  perimense , 
the  original  inference  with  regard  to  the  milk-molars  would  refer  them  to  the 
latter  species. 

Description. — Reverting  to  the  specimens  figured  in  this  volume,  we  find  that 
the  second  milk-molar  ( left  of  figure)  has  been  broken  at  its  antero-external  angle, 
but  is  otherwise  complete ; while  the  third  milk-molar  is  complete,  though  slightly 
obscured  by  matrix  posteriorly.  Both  teeth  are  about  half  worn  down.  In  the 
smaller  tooth,  the  anterior  ‘ collis  ’ is  smaller  than  the  posterior ; the  reverse  being  the 
case  in  the  larger.  The  ‘ dorsum  ’ of  the  smaller  tooth  shows  that  it  carried,  when 
complete,  a single  median  and  vertical  ridge  or  ‘costa’ ; the  corresponding  surface  of 

1 On  page  16  of  the  first  volume  of  this  series,  it  is  stated  by  Mr.  Foote  that  there  were  probably  three  species  of 
fossil  Burmese  rhinoceros,  and  in  support  of  this  he  cites  three  specimens.  The  first  of  these  are  some  upper  premolars 
figured  hy  Clift,  which  correspond  to  the  already  described  premolars  of  A.  perimense.  The  second  specimen  is  one  of 
those- on  which  B.  iravadicus  was  founded,  which  is  now  shown  to  be  the  same  as  A.  perimense.  The  third  is  the  jaw 
containing  the  two  associated  upper  milk-molars  noticed  above,  which  also  seem  to  belong-  to  the  same  species. 
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the  larger  tooth  was  produced  into  a £ buttress  ’ formed  by  two  similar  ridges  at  the 
antero-external  angle,  and  also  carries  a fainter  'costa’  opposite  the  ‘posterior  collis. 
In  the  smaller  tooth  there  appears  to  be  a small  ‘ combing-plate  ’ projecting  from  the 
external  wall  into  the  ‘median  valley  ’ and  uniting  with  the  ‘ crochet’;  while  the 
latter  extended  completely  across  the  valley  to  join  the  ‘ anterior  collis.’  The  union 
of  these  processes,  in  the  worn  condition  of  the  specimen,  has  resulted  in  the  forma- 
tion of  three  ‘ fossettes  ’ in  the  ‘ median  valley.’  In  the  larger  tooth  there  is  no 
‘ combing-plate,’  and  the  ‘ crochet  ’ does  not  extend  completely  across  the  ‘ median 
valley.’  The  ‘ cingulum  ’ is  only  distinctly  developed  on  the  anterior  surface  of 
the  teeth,  and  there  is  no  tubercle  at  the  entrance  to  the  ‘ median  valley.’  The 
dimensions  of  these  two  teeth  are  as  follows  : — 

Length  of  2nd  milk-molar  . . ...  . . . 1'8 

Width  of  „ „ ........  1'7 

Length  of  3rd  milk-molar  ........  2'0 

Width  of  „ „ ........  2‘15 

The  corresponding  teeth  of  the  opposite  side  from  Burma,  figured  and  described 
in  the  first  volume,  are  less  worn  than  the  present  specimens,  and  are  also  of  some- 
what smaller  size.  In  all  essential  characters,  however,  the  two  specimens  agree 
precisely.  The  ‘ buttress  ’ at  the  antero-external  angle  of  the  third  milk-molar  from 
Burma  appears  somewhat  less  developed  than  in  the  corresponding  Punjab  tooth  ; 
this,  however,  is  merely  due  to  the  difference  in  the  condition  of  wear  of  the  two 
specimens. 

Comparisons. — On  the  assumption  that  the  milk-teeth  described  above  belong 
to  Acerotlierium  perimense,  it  will  be  apparent  that  they  differ  from  the  teeth  of 
the  permanent  series  by  the  much  slighter  development  of  the  ‘ cingulum,’  and  by 
the  presence  of  a ‘combing-plate’  in  the  second  milk-molar.  These  differences, 
however,  should  not  be  taken  as  affording  indications  of  specific  distinctness,  as  it 
appears  to  be  not  unfrecjuently  the  case  that  in  animals  of  this  family  the  milk- 
molars  differ  somewhat  from  the  permanent  teeth.  Very  analogous  differences  are 
to  be  observed  between  the  permanent  and  the  milk-molars  of  the  living  African 
R.  bicornis  as  figured  by  De  Blainville.1  In  that  species  the  upper  true  molars  show 
a distinct  ‘cingulum,’  and  either  a very  small  or  no  ‘combing-plate.’  In  the 
milk -molars,  on  the  other  hand,  there  is  scarcely  any  ‘ cingulum,’  and  a large 
‘ combing-plate.’ 

Upper  incisor. — In  figure  4 of  plate  III  a very  fine  specimen  of  the  unworn 
germ  of  an  upper  incisor  of  a rhinoceros  is  figured,  which  must  probably  be  referred 
to  the  present  species.  This  specimen  was  discovered  by  Mr.  Theobald  in  the 
Siwaliks  of  the  Punjab,  and  has  been  already  referred  to,  under  the  name  of  Rhino- 
ceros planidens  in  the  “Records.” 2 The  grounds  of  assigning  this  tooth  to  A.  peri- 
mense are,  firstly,  that  it  was  found  in  the  district  where  remains  of  that  species  are 
of  such  common  occurrence ; secondly,  the  large  size  of  the  tooth  itself,  which  renders 


“ Osteographie  ” Atlas,  geuus  Rhinoceros. 


s Vol.  XI,  p.  98. 
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it  much  too  large  to  have  belonged  to  R.  sivalensis,  which  is  the  other  common  Punjab 
species,  the  large  R.  platyrhinus  being  apparently  unrepresented  there1 ; and,  thirdly 
all  the  other  known  species  of  Acerotherium  were  provided  with  large  upper  and 
lower  incisors.  The  specimen  is  viewed  from  the  inside,  because  a great  part  of  the 
outer  surface  has  been  broken  away,  leaving  merely  a cast  of  the  pulp-cavity.2 
The  tooth  had  not  cut  the  gum  at  the  time  of  the  death  of  its  owner,  and  therefore 
exhibits  its  outline  to  perfection.  The  lithograph  gives  a good  idea  of  its  form, 
and  as  this  does  not  differ  in  any  material  point  from  that  of  other  incisors  of 
the  family,  no  description  is  necessary.  The  length  of  the  specimen  is  4- 3 inches, 
its  thickness  l-5  inches,  and  the  height  of  the  crown  1-9  inches.  This  tooth  in- 
dicates an  animal  of  gigantic  dimensions.  Another  very  similar,  but  much  worn 
tooth  was  also  obtained  by  Mr.  Theobald  in  the  same  district  of  the  Punjab.  It  is 
not  possible  to  say  whether  A.  perimense  was  furnished  with  a second  pair  of 
upper  incisors.  . 

Mandible. — The  mandible  of  a rhinoceros  of  which  two  portions  are  figured  on 
plate  IV  of  this  volume,  is  another  specimen  from  Mr.  Theobald’s  Punjab  collection. 
It  was  obtained  from  the  same  district  as  several  of  the  upper  molars  of  Acero- 
therium perimense,  and  has  been  already  shortly  noticed  in  the  “Records”3  under 
the  name  of  Rhinoceros  planidens.  The  main  reasons  for  assigning  it  to  the  present 
species  are,  from  its  association  with  the  upper  molars,  from  its  large  size,  and 
greatly-developed  incisors,  so  characteristic  of  the  genus  Acerotherium;  and  also 
from  the  presence  of  a c cingulum 5 on  the  outer  surfaces  of  the  molars,  which  is  like- 
wise, according  to  Professor  Gaudry,  a characteristic  of  that  genus.4  This  reference 
is  confirmed  by  the  fact  that  three  other  forms  of  mandible  of  rhinoceros  have  been 
obtained  from  the  Siwaliks,  and  have  been  respectively  assigned  to  the  three  species 
of  true  Rhinoceros,  in  regard  to  which  more  will  be  said  in  the  sequel. 

The  specimen  under  consideration  consists  of  two  portions,  the  larger  of  which 
(figure  1)  comprises  the  symphysis  and  a considerable  portion  of  the  right  ramus 
of  the  mandible.  This  fragment  shows  four  molar  teeth,  the  three  ’first  of  which 
are  fairly  perfect,  while  the  last  (ml)  has  been  considerably  injured,  only  its 
central  portion  now  remaining.  This  tooth  being  more  worn  than  the  three  earlier 
teeth  must  be  the  first  true  molar,  the  other  three  being  the  three  last  of  the  pre- 
molar series.  On  either  side  of  the  symphysis  there  is  a single  huge  incisor  : the 
one  on  the  right  side  (in)  has  only  lost  its  tip ; while  that  on  the  left  side  has  been 
broken  off  level  with  the  alveolus,  and  is  not  shown  in  the  figure : the  outer  side  of 
this  alveolus  exposes  the  base  of  this  incisor  for  a length  of  some  five  inches,  with 
but  little  diminution  in  size.  The  right  incisor  shows  that  the  protruded  portion 
presented  a flattened  surface  superiorly,  looking  upwards  and  inwards,  while  the 

1 ‘ r.  G.  S.  I.,’  Vol.  XI,  p.  95. 

2 The  specimen  was  lithographed  during  my  absence,  and  has  unfortunately  not  been  drawn  in  its  natural  position. 
The  left-hand  border  should  have  been  placed  interiorly . 

3 Yol.  XT,  p.  97.  * See  “ Les  Enchainements  du  Monde  Animal,  etc.,”  p.  58. 
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inferior  and  external  surfaces  are  rounded : tlie  tooth  is  strongly  curved  upwards, 
and  extends  above  the  plane  of  the  grinding  surfaces  of  the  molars.  A slight  frac- 
ture of  the  portion  of  the  symphysis  between  the  two  large  incisors  shows  that  no 
small  median  incisors  were  present.  The  hone  of  the  jaw  itself  is  so  decayed  and 
mixed  up  with  the  closely  adherent  matrix  that  it  is  no  easy  matter  to  detect  its 
true  form.  The  ramus  is  very  noticeable  for  its  great  vertical  depth;  and  the 
symphysis  seems  to  be  much  like  that  of  the  Javan  rhinoceros,  except  that  the 
enormous  size  of  the  incisives  renders  its  borders  more  swollen  and  protuberant. 

Of  the  molar  series,  the  three  last  premolars  and  the  first  true  molars,  as 
already  stated,  are  shown  in  the  portion  of  the  right  ramus  (fig.  1)  : the  fragment 
of  the  associated  left  ramus,  represented  in  figure  2 of  the  same  plate,  shows  two 
teeth,  which,  from  their  condition  of  wear,  seem  to  he,  respectively,  the  first  and 
second  true  molars.  The  teeth  of  the  molar  series  resemble  those  of  living  species 
of  rhinoceros,  with  the  exception  that  at  the  base  of  their  external  surfaces  they 
carry  a narrow  hut  distinct  ‘ cingulum,’  thereby  showing,  as  is  pointed  out  by  M. 
Gaudry  in  the  passage  already  cited,  an  affinity  with  older  forms  of  the  order,  like 
P alceotherium. 

Comparisons  and  dimensions. — Of  the  three  forms  of  lower  jaws  of  rhinoceros 
exhibiting  the  symphysis,  figured  in  the  “ Eauna  Antiqua  Sivalensis,”  the  only 
one  which  agrees  with  the  present  specimen  in  the  number  of  its  anterior  teeth  is 
the  one  represented  in  figure  4 of  plate  LXXIV,  which  is  there  referred  to  R. 
palceindicus.  A more  perfect  specimen  of  a similar  lower  jaw  is  represented  in 
figure  3 of  plate  VI  of  this  volume,  and  is  inferred,  like  the  first  specimen,  to  belong 
rather  to  R.  sivalensis.  The  much  smaller  size  of  these  specimens,  with  the  absence 
of  a £ cingulum  ’ on  the  molars,  at  once  distinguishes  them  from  the  specimen  before 
us.  The  dimensions  of  that  specimen  are  as  follows : — 


Depth  of  ramus  at  last  premolar 4'5 

Length  of  symphysis 6’4 

Vertical  diameter  of  incisor 1’8 

Transverse  „ „ „ 2-4 

Length  of  remaining  protruded  portion  of  incisor 3'5 

„ of  three  premolars 5‘1 

„ of  1st  true  molar 2'65 

„ of  2nd  „ 2'8 


Young  jaw. — In  figure  1 of  plate  III  of  this  volume,  there  is  represented  an 
unworn  tooth-germ  of  a rhinoceros  in  its  alveolus.  This  specimen  is  contained  in 
a fragment  of  the  left  ramus  of  a mandible  from  which  the  other  teeth  have  dis- 
appeared. The  figured  tooth,  of  which  the  anterior  crescent  has  been  somewhat 
injured,  from  its  large  size  not  improbably  belongs  to  the  present  species.  It  was 
obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab,  in  company  with 
numerous  other  remains  of  Acerotherium  perimense.  Behind  the  figured  tooth  there 
exists  in  the  jaw  the  empty  alveolus  of  a still  larger  tooth : from  the  small  dimen- 
sions of  the  jaw,  it  is  probable  that  the  tooth  remaining  is  the  first  true  molar.  Its 
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length  is  3 3 inches,  and  the  height  of  the  inner  column  of  the  hinder  crescent 
1-9  inches.  Other  specimens  of  lower  jaws  in  the  Indian  Museum  from  the  Punjab, 
probably  also  belonging  to  the  present  species,  have  molars  of  even  still  larger 
dimensions. 

Specimen  figured  in  the  “ Fauna  Antigua  Sivalensis .” — In  figure  13  of  plate 
LXXV  of  the  “ Eauna  Antiqua  Sivalensis,”  a portion  of  the  left  ramus  of  the 
mandible  of  a rhinoceros  from  Perim  Island  is  figured  under  the  name  of  B,  {A  ?) 
perimensis.  This  specimen  shows  the  last  premolar  and  the  three  true  molars.  In 
the  post-humous  descriptions  of  the  plates  of  the  “ Eauna  Antiqua  Sivalensis 5,1  the 
dimensions  of  the  teeth  of  this  specimen  are  given  as  follows  “ Length  of  first 
true  molar,  1T5  inches ; of  second,  P4  inches;  of  third,  1* 5 inches.”  Now  these 
dimensions  exactly  correspond  with  the  length  of  the  teeth  in  the  figure  ; but  at  the 
bottom  of  the  plate  itself  it  is  stated  that  all  the  figures  are  drawn  of  half  the 
natural  size,  and  I can  therefore  only  come  to  the  conclusion  that  the  dimensions 
of  the  teeth  are  really  double  those  given  in  the  description.  Hence  we  shall 


have — 

Length  of  1st  true  molar 2’3 

„ of  2nd  „ 2-8 

„ of  3rd  „ „ 3'0 


These  dimensions  are  very  close  to  those  of  the  specimens  described  above,  and  it, 
therefore,  seems  probable  that  the  Perim  specimen  may  be  rightly  referred  to 
A.  perirnense.  There  are  some  signs  of  a ‘ cingulum  ’ being  represented  in  the  last 
true  molar,  but  the  figure  does  not  show  this  very  clearly.  The  form  of  the  teeth 
seems  to  agree  very  closely  with  that  of  the  lower  teeth  figured  in  this  volume. 

Bombay  specimen. — Another  specimen  from  Perim  Island,  belonging  to  the 
Bombay  Branch  of  the  Royal  Asiatic  Society,  and  alluded  to  in  the  “ Records,”3 
agrees  exactly  in  dimensions  with  the  above.  It  consists  of  the  greater  part  of  the 
left  ramus  and  symphysis  of  the  mandible,  and  shows  most  of  the  molar  series. 
The  broken  symphysis  exhibits  a large  incisive  alveolus. 

General  characters  of  species. — The  foregoing  descriptions  will  have  shown  that 
Acerotherium  perirnense  was  a very  large-sized  species  of  hornless  rhinoceros, 
furnished  above  with  one  large  pair  of  incisors,  and  whose  upper  molar  teeth  were 
formed  after  the  pattern  of  those  of  the  Javan  and  Sumatran  rhinoceroses,  but  which 
presented  a less  development  of  the  ‘crochet.’  The  lower  jaw  was  provided  with 
one  huge  pair  of  outer  incisors,  and  with  the  normal  complement  of  molar  teeth, 
which  were  furnished  with  a distinct  ‘ cingulum  ’ externally. 

Distribution. — Remains  of  Acerotherium  perirnense  have  been  obtained  from 
the  ossiferous  beds  of  Perim  Island  in  the  Gulf  of  Cambay,  from  the  lower  Manch- 
har  beds  of  Sind,  from  the  Siwaliks  of  the  Punjab,  and  from  the  ossiferous  beds  of 
the  valley  of  the  lower  Irawadi.  No  remains  of  the  species  have  hitherto  been 
obtained  from  the  Siwaliks  in  the  neighbourhood  of  Delira  Dun  and  the  Jamna 

1 “ Pal.  Mem.,”  Vol.  I,  p.  517.  2 Vol.  XIV,  p.  156. 
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river,  and  it  therefore  appears  that  the  Burmese  form,  which  seems  to  have  belonged 
to  a smaller  race,  was  isolated  from  the  other  representatives  of  the  species. 


Genus  II : RHINOCEROS,  Linne. 

Either  one  or  two  horns,  or  rudiments  of  such,  always  present  j limbs  tridactv- 

late. 


Species  I.  Rhinoceros  sivalensis,  Ealconer  and  Cautley 

Synonyms  ( ? ) Rhinoceros  angustirictus,  Talc,  and  Caut. 

„ EOSS1LIS  INDICUS,  Baker  and  Durand. 

Zalabis  sivalensis,  Cope. 

Previous  notices . — The  earliest  description  of  a fossil  rhinoceros  from  the 
Siwaliks  is  one  published  by  Messrs.  Baker  and  Durand  in  1836. 1 In  that  paper 
there  is  described  a complete  skull,  various  teeth,  and  limb-bones, — all  illustrated  by 
figures.  The  authors  considered  that  their  skull  indicated  an  animal  allied  to  the 
living  JR.  indicus,  and  accordingly  gave  it  the  name  of  JR.  indicus  fossilis.  Erom 
their  figures  and  descriptions  it  is  evident  that  their  skull  belongs  to  the  species 
which  was  subsequently  named  JR.  sivalensis  by  Ealconer  and  Cautley.  Messrs.  Baker 
and  Durand  did  not  apparently  closely  examine  the  molars  of  their  specimen,  or 
they  would  have  seen  that  it  was  more  nearly  allied  to  R.  javanicus  than  to  R. 
indicus.  Messrs.  Baker  and  Durand’s  paper  is  copied,  without  the  illustrations,  in 
the  “ Palaeontological  Memoirs  ” of  Dr.  Ealconer.2  The  teeth  of  which  figures  are 
given  in  Messrs.  Baker  and  Durand’s  paper  apparently  belong,  as  was  suggested  by 
the  authors,  to  more  than  one  species.  The  present  name  of  the  species  appears  to 
have  been  first  applied  to  the  specimens  figured  in  the  “ Fauna  Antiqua  Sivalensis,” 
which  afford  ample  means  of  recognising  the  species.  In  Royle’s  “ Illustrations  of 
the  Botany,  &c.,  of  the  Himalaya  Mountains,”  published  in  1839,  there  appears  a 
figure3  of  the  upper  jaw  and  dentition  of  a rhinoceros  from  the  Siwaliks,  which  was 
subsequently  copied  in  the  “ Eauna  Antiqua  Sivalensis,”4  where  it  is  assigned  to  the 
present  species.  In  the  “ Palaeontological  Memoirs”5  a very  cursory  notice  of  this 
and  the  other  Siwalik  species  of  the  genus  is  given.  In  the  course  of  that  notice 
the  editor  quotes  a passage  from  the  “ Odontography”6  of  Professor  Owen  in  refer- 
ence to  one  of  the  Siwalik  species  of  rhinoceros,  and  adds  a comment  of  his  own  which 
appears  to  have  been  the  source  of  many  subsequent  errors.  Professor  Owen’s 
statement  is  as  follows  : “ In  one  of  the  extinct  species  of  rhinoceros  from  the 

1 J.  A.  S.  B.  vol.  V,  p.  486.  In  the  previous  volume  of  the  same  journal  (vol.  IV,  p.  706,  1835),  among  a [list  of 
Siwalik  mammals  given  by  Falconer  and  Cautley,  occurs  the  name  Rhinoceros  angustirictus  ; it  is  probable  that  this 
name  was  originally  applied  to  the  present  species,  hut  subsequently  replaced  by  sivalensis. 

2 Vol.  I,  p.  158  3 PI.  VI,  figs.  3, 6.  4 PI.  LXXIV,  fig.  5.  5 Loc . cit.,  p.  157.  6 Page  589. 
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Himalayan  tertiary  beds,  Hr.  Ealconer  informs  me  that  there  are  six  incisors  in  both 
jaws  ; the  typical  number  was  therefore  retained  in  this  ancient  species  as  in  the  con- 
temporary Hippopotamus  of  the  same  formations.”  It  will  be  seen  from  this  state- 
ment that  no  species  was  named  in  which  the  peculiarity  was  said  to  occur.  The  late 
Hr.  Murchison  (the  editor  of  the  “ Palaeontological  Memoirs”),  however,  goes  on  to 
observe  that  from  the  evidence  of  certain  lower  jaws  figured  in  the  “ Eauna  Antiqua 
Sivalensis  ” under  the  names  of  R.  palceindicus  and  R.  platyrhinus,  the  peculiarity 
could  not  occur  in  either  of  those  species,  and  accordingly  says  that  R.  sivalensis 
must  be  the  species  in  which  six  incisors  were  developed.  Hr.  Murchison,  however, 
entirely  omits  to  mention  that  in  the  “ Eauna  Antiqua  Sivalensis  ” there  is  figured  a 
third  form  of  lower  jaw  under  the  name  of  R.  sivalensis  in  which  there  are  no  incisors 
at  all.1  As  no  complete  set  of  the  upper  incisors  of  any  of  the  species  of  the  Siwalik 
rhinoceroses  is  known,  there  is,  as  I have  already  shown  in  the  first  volume  of  this 
series,2  no  evidence  at  all  to  show  that  any  of  the  Siwalik  species  of  rhinoceros  pre- 
sented any  abnormality  in  their  dentition.3  The  next  notice  of  the  species,  of  any 
importance,  occurs  in  the  previous  volume  of  this  series,  where  some  molar  teeth 
are  described  and  figured,  and  where  mention  is  made  in  the  subsequently  published 
preface  of  some  later  notices  by  other  writers.  In  that  preface 4 mention  is  made  of 
the  establishment  of  a new  genus  (. Zalabis ),  for  the  reception  of  R.  sivalensis , by 
Professor  Cope ; and  it  was  then  stated  that  the  new  genus  would  not  stand,  and  it 
might  have  been  added  that  there  were  no  more  grounds  for  referring  Rhinoceros 
sivalensis  to  it  than  any  other  Siwalik  representatives  of  the  family,  the  original 
statements  as  to  the  alleged  hexaprododont  character  of  one  species  having  been  made 
to  apply  to  R.  sivalensis  on  false  premises.5  A notice  by  the  late  Professor  Brandt, 
in  which  he  proposed  to  unite  this  species  and  the  next  with  R.  indicus,  has  been 
already  fully  discussed  in  the  preface  to  the  first  volume  of  this  work. 

Object  of  present  notice. — In  the  present  volume  certain  teeth,  obtained  since 
the  notice  in  the  first  volume  was  written,  and  illustrating  more  fully  the  dentition 
of  the  species,  have  been  figured.  A re-determination  of  the  lower  jaw  probably 
belonging  to  this  species  has  also  been  made,  and  an  imperfect  skull,  provisionally 
referred  to  a variety  of  this  species,  is  also  noticed. 

Renultimate  upper  true  molar. — On  page  26  of  the  first  volume  of  this  work 
a fine  specimen  of  the,  probably,  penultimate  upper  true  molar  of  this  species  was 
described ; the  same  specimen  was  also  figured  in  plate  Y,  fig.  5.  In  that  descrip- 
tion, however,  it  was  not  stated  on  what  grounds  the  specimen  was  referred  to 

1 PI.  LXXIV,  fig.  6.  2 Page  53. 

3 It  is  impossible  now  to  say  on  what  grounds  this  statement  of  Falconer’s  rested,  but  it  is  quite  clear  from  a 
passage  in  bis  writings  said  to  have  been  written  in  1839  (Pal.  Mem.  vol.  I,  p.  180)  that  at  that  time,  at  all  events, 
be  considered  that  no  species  of  rhinoceros  bad  tbe  full  complement  of  mammalian  incisors. 

4 PP-  ix>  xii- 

5 Professor  Gaudry  (“  Les  Encbainements  du  Monde  Animal,  etc.,”  p.  50)  bas  likewise  followed  tbe  false  lead,  and 
says  “ D’apres  Falconer,  le  Rhinoceros  sivalensis  de  l’Xnde  avait  le  devant  de  sa  macboire  inferieure  arme  de  trois 
paires  de  dents.” 
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It.  sivalensis.  These  grounds  were,  firstly,  that  the  tooth  agreed,  as  far  as  could  he 
judged  from  the  different  state  of  wear  of  the  specimens,  with  the  corresponding 
tooth  of  a skull  of  R.  sivalensis  in  the  Indian  Museum ; and  secondly,  with  the 
corresponding  tooth  of  the  left  side  of  a skull  of  the  same  species  drawn  in  figure  5 
of  plate  LXXIY  of  the  “ Eauna  Antiqua  Sivalensis,”  which,  though  unfortunately 
figured  on  a small  scale,  is  a very  perfect  specimen. 

In  plate  Y,  figures  1 and  2 of  this  volume,  two  specimens  of  the  penultimate 
upper  true  molar  of  this  species  have  been  figured  in  order  to  illustrate  more  fully 
this  tooth  in  different  stages  of  wear,  and  also  to  indicate  the  distribution  of  the 
species.  The  first  specimen  (figure  1)  was  obtained  by  Mr.  Theobald  from  the 
Siwaliks  of  the  Punjab,  and  the  second  by  Mr.  Eedden  from  the  lower  Manchhars 
of  Sind.  It  will  be  unnecessary  on  this  occasion  to  describe  these  teeth  in  detail, 
as  this  has  already  been  done  when  treating  of  the  specimen  figured  in  the  first 
volume,  above  referred  to.  A comparison  of  the  figures  will  show  that  the  three 
specimens  present  the  same  general  characteristics  in  spite  of  some  minor  individual 
peculiarities,  and  the  different  conditions  of  their  wear.  In  the  latter  respect,  the 
Sind  specimen  is  the  least  worn,  the  specimen  represented  in  plate  Y,  figure  5 of  the 
first  volume  rather  more  worn,  and  the  specimen  in  plate  Y,  figure  1 of  this  volume 
the  most  so.  The  latter  specimen  appears  to  agree  with  the  original  specimen  in  all 
characters  except  the  relative  development  of  the  c crochet,’  which  is  very  much 
smaller : I cannot,  however,  think  that  this  can  be  reckoned  as  more  than  an  in- 
dividual variation.  The  Sind  specimen  had  originally  a well-developed  ‘crochet,’ 
but  this  has  been  broken  away,  and  the  point  of  attachment  is  difficult  to  show  well 
in  a figure. 

This  specimen,  however,  differs  from  either  of  the  others  in  having  a vertical 
groove  on  the  posterior  aspect  of  the  ‘ anterior  collis  ’ corresponding  to  a similar 
groove  on  the  anterior  aspect  of  the  same  part  occurring  in  all  the  specimens.  Exter- 
nally to  this  groove  there  is  a slight  swelling  of  the  ‘ collis  ’ jutting  forth  into  the 
‘median  valley.’  The  ‘ posterior  valley  ’ of  the  Sind  specimen  differs  slightly  from 
that  of  the  specimen  figured  in  the  first  volume.  In  the  latter  this  valley  forms  an 
almost  completely  circular  pit;  while  in  the  former  its  antero-posterior  diameter 
is  longer  than  its  transverse : in  this  respect  the  specimen  drawn  in  plate  Y,  figure  1 
of  this  volume  is  intermediate  between  the  other  two.  A very  slight  trace  of  a 
tubercle  can  be  detected  at  the  entrance  to  the  ‘ median  valley  ’ in  the  Sind  specimen. 

I cannot  consider  that  these  slight  variations,  in  the  absence  of  any  other  more  decisive 
evidence,  can  be  considered  as  anything  more  than  individual  peculiarities.  The 
variations  in  the  Sind  specimen  are  of  considerable  importance  in  identifying  other 
specimens  with  the  present  species,  as  will  be  seen  in  the  sequel. 

Resemblance  to  R.  javanicus. — In  the  previous  volume,  it  has  been  mentioned 
that  the  upper  molars  of  R.  sivalensis  resemble  those  of  R.  javanicus  and  R.  suma- 
trensis.  Certain  points  of  alleged  difference  there  pointed  out  seem,  however,  to  be 
based  on  individual  peculiarities,  and  are  not  of  general  applicability.  The  re- 
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semblance  is,  therefore,  much  greater  than  was  at  first  indicated.  Professor  Plower 1 
has  pointed  out  how  very  closely  the  molars  of  the  two  living  species  resemble 
one  another,  but  has  shown  that  in  R.  sumatrensis  the  ‘ posterior  valley  ’ is  re- 
latively deeper  than  in  R.  javanicus,  and  consequently  that  on  the  worn  masticating 
surface  of  the  former,  two  4 fossettes  ’ (fossae)  exist  for  a longer  time  than  in  the 
latter.  In  this  respect  the  molars  of  R.  sivalensis  agree  with  those  of  R.  javanicus, 
the  ‘posterior  valley’  being  shallower  than  the  median,  and  consequently  the 
4 posterior  fossette  ’ disappearing  at  an  earlier  period  than  the  median.  This  is  well 
shown  in  the  first  true  molar  of  the  skull  figured  in  plate  LXXIY,  figure  5 of  the 
44  Eauna  Antiqua  Sivalensis,”  and  in  two  skulls  in  the  Indian  Museum.  This  being 
so,  and  seeing  that  R.  sumatrensis  is  further  broadly  distinguished  by  its  bicorn 
character,  and  by  the  relations  of  the  inferior  processes  of  the  squamosal,  we  may  con- 
fine ourselves  to  a comparison  with  R.  javanicus.  Between  the  true  molars  of  these 
two  species,  taking  into  consideration  the  small  variation  which  I have  noticed  in  those 
of  the  fossil,  I am  totally  unable  to  discover  more  than  one  point  in  their  plan  of 
structure  which  can  be  taken  as  affording  any  certain  indication  of  distinction. 
This  point  is  a difference  in  the  relative  dimensions  of  the  molars  of  the  two  species. 
Taking  little  worn  teeth,  we  shall  find  that  in  R.  sivalensis  the  greatest  length  of 
the  anterior  surface,  measuring  to  the  second  4 costa  ’ of  the  4 buttress,’  is  exactly 
equal  to  the  greatest  length  of  the  external  surface ; whereas  in  R.  javanicus  the 
former  measurement  is  greater  than  the  latter.  The  following  measurements  show 
this  relationship  : the  two  teeth  of  R.  sivalensis,  of  which  the  dimensions  are  given,  are 
the  specimens  figured  in  this  volume  (plate  Y,  fig.  2),  and  in  the  preceding  volume 
(plate  Y,  fig.  5) : the  measurements  of  R.  javanicus  are  taken  from  the  teeth  of  a 
skull  in  the  Indian  Museum,  and  from  another  in  my  own  possession ; two  other 
specimens  in  the  former  collection  present  the  same  characters  : — 

H.  sivalensis  H.  javanicus. 
a.  b.  a.  b. 

Greatest  length  of  outer  surface  . . . .,  . 2 5 2'61  2'0  2'1 

„ „ of  anterior  „ . . . « 2‘49  2'6  2‘22  2-32 

In  all  the  specimens  that  I can  procure  this  relation  appears  to  be  constant.  In  the 
relation  of  the  transverse  to  the  longitudinal  diameter,  the  teeth  of  R.  sivalensis 
agree  with  those  of  R.  sumatrensis , but,  as  already  said,  differ  in  other  points.  Mr. 
Busk  pointed  out  this  difference  in  the  relative  diameters  of  the  teeth  of  R.  suma- 
trensis and  R.  javanicus* ; but  his  conclusions  were  doubted  by  Professor  Blower.3 
In  such  specimens  as  I have  examined  the  relation  is  constant.  It  might  be  thought 
that  size  alone  would  afford  sufficient  grounds  of  distinction  between  the  molars  of 
R.  sivalensis  and  those  of  R.  javanicus,  but  although  those  of  the  former  species 
are  in  general  considerably  the  large  of  the  two,  a specimen  described  in  the  sequel 
as  a probable  variety  of  R.  sivalensis  has  molar  teeth  of  the  same  size  as  those  of 
R.  javanicus.  It  will  be  seen  from  the  above  comparisons  how  very  closely  the  upper 

1 P.  Z.  S.,  1876,  p.  449.  2 P.  Z.  S.,  1869,  p.  413.  5 Loc.  cit. 
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true  molars  of  these  two  species  resemble  one  another  ; and  it  appears  to  be  very 
questionable  whether,  if  we  had  only  the  teeth  to  deal  with,  there  would  he  sufficient 
grounds  for  specific  distinction.1  This  is,  however,  abundantly  afforded  by  the 
difference  in  the  form  of  the  skulls. 

Germ  of  upper  true  molar . — In  figure  5 of  plate  Y,  there  is  figured  a germ  speci- 
men of  a first  or  second  upper  true  molar,  presenting  all  the  characters  of  the  teeth 
of  B.  sivalensis.  This  specimen  was  obtained  by  Mr.  Theobald  from  the  Siwaliks 
of  the  Punjab,  and  is  quite  uninjured.  The  base  of  the  tooth  has  not  yet  attained 
its  full  size,  but  the  summits  of  the  ridges  are  of  the  same  length  as  in  the  fully 
formed  teeth  of  the  species.  The  * crochet  ’ bifurcates  at  its  extremity,  and  on 
the  external  or  £ dorsal  ’ surface  of  the  crown  there  are  seen  to  be  two  faint  median 
ridges,  which  seem  to  disappear  in  the  adult  teeth. 

Balcer  and  Durand's  specimen. — In  figure  8 of  plate  IY  of  the  first  volume 
of  this  work,  a molar  of  a Siwalik  rhinoceros,  copied  from  one  of  the  plates  of 
the  above-quoted  memoir  of  Messrs.  Baker  and ’Durand,  was  figured  under  the 
name  of  B.  sivalensis.  The  teeth  above  described  seem  to  show  that  the  specimen 
in  question  must  belong  to  another  species,  possibly  to  B.  palceindicus. 

Last  upper  true  molar. — In  figure  2 of  plate  IY  of  the  first  volume  of  this 
work,  there  is  figured  a much  worn  specimen  of  the  last  upper  true  molar  of  the 
present  species.  That  specimen  belongs  to  a cranium  in  the  Indian  Museum,  agree- 
ing in  all  respects  with  the  figures  of  the  skulls  of  B.  sivalensis  given  by  Messrs. 
Baker  and  Durand,  and  in  the  “ Eauna  Antiqua  Sivalensis  ” ; the  specimen  is,  how- 
ever, so  much  worn  that  the  main  characters  of  the  tooth  are  not  well  shown,  and, 
accordingly,  another  and  less  worn  specimen  has  been  figured  in  the  present  volume 
(pi.  Y,  fig.  4).  This  specimen,  which  belongs  to  the  left  side,  was  obtained,  in  com- 
pany with  its  fellow  of  the  opposite  side,  by  Mr.  Theobald  in  the  Siwaliks  of  the 
Punjab  : a portion  of  the  summit  of  the  crown  has  been  broken  away  at  its  antero- 
external  angle,  but  the  specimen  is  otherwise  uninjured ; it  is  in  an  early  state  of 
wear.  The  specimen  is  characterised  by  the  prominent  ‘ buttress 5 at  the  antero- 
external  angle,  by  the  simple  ‘crochet,’  absence  of  c combing-plate,’  and  wide 
‘median  valley,’  without  any  trace  of  a tubercle  at  the  entrance.  The ‘anterior 
valley  ’ forms  a triangular  platform  on  the  side  of  the  ‘ anterior  collis 5 : a faint 
tubercle  at  the  postero-internal  angle  of  the  crown  indicates  a rudiment  of  the 
* posterior  valley,’ — a rudiment  frequently  still  more  marked  in  B.  javanicus.  The 
tooth  agrees  very  closely  as  regards  form  with  the  corresponding  molar  of  he  latter 
species  ; the  following  measurements  showing  the  difference  in  the  size  of  the  two 


specimens : — 

It.  sivalensis. 

It.  javanicus. 

Length  of  internal  surface 

2-0 

36 

„ of  anterior  „ . . 

1-95 

„ of  external  „ 

2-4 

1-9 

1 The  similarity  of  the  teeth  of  these  two  species  induced  me  to  put  in  a proviso  in  this  respect  as  to  the  identifi- 
cation of  the  Narbada  rhinoceros  with  the  living  It.  indicus.—- Supra,  Vol.  I,  Preface,  p.  viii. 
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The  specimen,  as  far  as  can  be  judged  from  the  small  figure  in  the  “ Eauna 
Antigua  Sivalensis,”1  is  distinguished  from  the  corresponding  molar  of  R.  palcein- 
dicus  by  the  presence  of  the  large  ‘ buttress  ’ at  the  antero-external  angle,  which  is 
wanting  in  the  latter.  It  is  distinguished  from  the  corresponding  molar  of  R. 
platyrhinus  by  the  absence  of  a ‘ combing-plate.’ 

The  specimen  figured  in  the  preceding  volume  shows  that  when  worn  down  only 
a single  ‘ fossette  ’ would  remain  on  the  crown,  and  this  would  he  the  case  with  the 
specimen  figured  here.  In  the  specimen  on  the  opposite  side  of  the  skull  of  which 
one  tooth  is  figured  in  the  first  volume,  the  ‘ crochet 5 extends  completely  across 
the  ‘ median  valley,’  so  as  to  cut  off  an  ‘ accessory  fossette.’  A detached  specimen 
of  a last  upper  true  molar  in  the  Indian  Museum,  from  the  Punjab,  apparently 
belonging  to  the  same  species,  shows  a distinctly  double  c crochet.’ 

Third  upper  premolar. — The  specimen  drawn  in  plate  V„  figure  6,  so  closely 
resembles  the  third  or  penultimate  right  upper  premolar  of  11.  javanicus,  that, 
judging  from  the  similarity  of  the  true  molars  of  the  two  species,  there  can  be 
little  doubt  but  that  it  is  the  corresponding  tooth  of  JR.  sivalensis.  It  was  obtained 
from  the  Siwaliks  of  the  Punjab  by  Mr.  Theobald : it  is  quite  perfect,  and  about  one- 
third  worn  down.  The  characteristic  features  of  this  tooth  are  the  following.  The 
‘posterior  valley’  forms  a funnel-shaped  pit,  apparently  nearly  as  deep  as  the 
‘ median  valley  : ’ the  ‘ anterior  collis  ’ is  considerably  larger  than  the  posterior,  and 
the  ‘ crochet  ’ is  double  or  bifurcate  : there  is  no  ‘ combing-plate.’  The  external,  or 
dorsal,  surface  shows  two  ‘ costae,’  the  posterior  of  which  is  slightly,  and  the  anterior 
very  strongly,  developed  ; the  antero-external  angle  is  produced  into  an  acute  pro- 
cess, and  this,  together  with  the  anterior  ‘ costa,’  shows  a tendency  to  the  formation 
of  the  ‘ buttress  ’ so  characteristic  of  the  true  molars  ; the  whole  ‘ dorsal  ’ surface, 
however,  remains  approximately  straight,  and  not  highly  curved,  as  in  the  true 
molars.  There  is  a faint  trace  of  a ‘ cingulum  ’ on  the  internal  surface.  The  fol- 
lowing dimensions  show  the  relations  of  this  specimen  with  the  corresponding  tooth 
of  JR.  javanicus  : — 

H.  sivalensis.  H.  javanicus. 

‘ Length  of  internal  surface  ......  12  1*0 

„ of  anterior  „ 2‘1  1’8 

„ of  external  „ l-6  P5 

„ of  posterior  „ 17  1'6 

Almost  the  only  difference  that  can  be  detected  between  these  two  teeth  is 
that  in  the  fossil  species  the  double  ‘ crochet  ’ is  thicker  and  larger  than  in  the 
living.  According  to  Professor  Plower2  the  double  ‘ crochet  ’ of  the  premolars  of  R. 
javanicus  is  a distinctive  character  of  that  species ; never  occurring  in,  the  other- 
wise very  similar,  teeth  of  R.  sumatrensis.  The  occurrence  of  a similar  peculiarity 
in  (at  all  events  some  of)  the  premolars  of  R.  sivalensis  is  another  indication  of  the 
close  affinity  op  that  species  with  the  Javan  rhinoceros.  It  may  be  added  that  some 


PI.  LXXIV,  fig.  2a. 


2 Loc.  cit.  p.  449. 
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skulls  of  R.  javanicus  in  the  Indian  Museum  show  a double  ‘crochet’  in  the  first 
true  molar ; and  we  have  seen  a probable  instance  of  the  same  in  the  last  true 
molar  of  R.  sivalensis . 

Second  upper  premolar. — The  last  specimen  of  the  permanent  upper  dentition 
of  this  species,  we  have  to  consider,  is  the  specimen  represented  in  plate  Y,  figure  3. 
This  tooth  is  also  from  Mr.  Theobald’s  Punjab  collection  : it  is  much  worn  down. 
Erom  its  general  resemblance  to  the  second  (ante-penultimate)  left  upper  premolar  of 
11.  javanicus , it  is  inferred  to  be  probably  the  corresponding  tooth  of  R.  sivalensis. 
The  tooth  clearly  exhibits  the  much  smaller  depth  of  the  posterior  as  compared  with 
the  ‘ median  valley’ ; the  former  being  nearly  obliterated,  and  the  latter  still  very ' 
deep.  The  only  points  by  which  this  specimen  can  be  distinguished  from  the  cor- 
responding tooth  of  the  Javan  rhinoceros  are  its  larger  size,  and  the  somewhat 
greater  development  of  the  ‘ cingulum  ’ on  the  internal  surface. 

Upper  milk-molars. — In  figure  2 of  plate  YI  are  represented  three  upper  milk- 
molar  teeth  of  a rhinoceros,  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the 
Punjab,  and  probably  belonging  to  R.  sivalensis.  The  specimens  figured  are  from 
the  left  side  of  the  skull,  but  the  corresponding  teeth  of  the  opposite  side  were  also 
found  with  them.  With  regard  to  the  species  to  which  these  teeth  should  be  re- 
ferred, it  will  be  seen  from  what  has  been  previously  written  that  they  do  not 
belong  to  Acerotherium perimense  ; it  will  be  shown  subsequently  that  they  certain- 
ly do  not  belong  to  R.  palceindicus  ; while  from  the  absence  of  a ‘ combing-plate  ’ in 
the  hindmost,  they  do  not  belong  to  R.  platyrhi/nus,  an  inference  confirmed  by  the 
absence  hitherto  of  all  remains  of  that  species  in  the  Punjab.  There  accordingly 
only  remains  R.  sivalensis , to  which  they  can  be  assigned;  and  we  have,  therefore, 
only  to  consider  the  serial  position  of  these  teeth.  Erom  the  antero -posteriorly 
elongated  form  of  the  anterior  tooth  (mm.  2),  it  might  at  first  sight  be  thought  that 
the  teeth  are  .the  first  three  of  the  milk-molar  series,  but  the  complex  form  of  the 
first  tooth  (having  complete  anterior  and  posterior  ‘ colles  ’),  together  with  the  form 
of  the  second  tooth,  seems  to  forbid  this  view.  In  respect  to  the  latter  point,  it  may 
be  observed  that  there  are  no  instances  known  to  me  in  which  the  second  upper 
milk-molar  of  a rhinoceros  has  the  interior  ‘costa’  approximated  to  the  antero- 
external  angle  (as  in  the  middle  tooth,  mm.  3 of  our  specimen) ; the  position  of  this 
‘ costa  ’ being  central,  or  sub-central  if  distinctly  developed  at  all.  It  seems,  there- 
fore, that  the  teeth  under  consideration  are  (reckoning  from  left  to  right)  respec- 
tively, the  second,  third,  and  fourth  of  the  deciduous  series.  On  this  assumption 
the  first  milk-molar  must  have  been  an  exceedingly  small  tooth,  and  was  prob- 
ably shed  in  very  early  life.1  In  this  respect,  R.  sivalensis  agrees  with  R.  java- 
nicus,  which  is  distinguished  from  R.  indicus  by  the  smaller  size  of  this  tooth,  and 
by  the  earlier  time  at  which  it  is  shed. 

The  second  milk-molar  (mm.  2 in  figure  2)  is  an  irregularly-shaped  tooth, 

1 A very  minute  undescribed  tooth  in  the  Indian  Museum  is  not  improbably  the  first  upper  milk-molar  of  this 
species. 
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the  anterior  side  being  produced  into  a sharp  process ; posteriorly  to  this  process 
the  external  surface  is  convex,  showing  two  faint  ‘ costae  ’ opposite  the  ‘ collis.’ 
The  ‘anterior  collis  ’ is  flattened  internally,  and  throws  off  an  oblique  ridge  to  join 
the  outer  wall  of  the  tooth  : from  the  ridge  connecting  the  ‘ posterior  collis  ’ with 
the  outer  wall,  there  is  given  off  along  ‘crochet,’  projecting  into  the  ‘median 
valley.’  There  is  a distinct  ‘ cingulum  ’ on  the  anterior  and  posterior  walls  of  the 
tooth.  The  third  and  fourth  (penultimate  and  last)  milk-molars  resemble  normal 
rhinoceros  molars,  and,  therefore,  require  no  detailed  description.  In  the  penul- 
timate tooth  the  ‘ crochet  ’ is  united  to  a small  ‘ combing-plate,’  thus  cutting  off 
an  ‘ accessory  fossette.’  In  both  teeth  there  is  a distinct  ridge  projecting  from  the 
hinder  side  of  the  * anterior  collis  ’ into  the  ‘ median  valley,’  which  may  be  called 
an  ‘ anti-crochet.’  On  the  external  surface  of  each  tooth  the  anterior  ‘ costa  5 
is  placed  close  to  the  antero -external  angle  of  the  crown,  which  is  produced  into 
a sharp  process,  the  two  ridges  tending  to  the  formation  of  a ‘ buttress,’  which, 
however,  is  not  so  marked  as  in  the  true  molars,  the  external  surface  being  con- 
sequently less  curved  than  in.  the  latter.  The  teeth  are  about  the  size  of  the  upper 
milk-molars  of  R.  sumatrensis , and,  therefore,  proportionately  somewhat  smaller 
than  the  true  molars.  A detached  specimen,  otherwise  indistinguishable  from  the 
last  tooth,  has  the  anterior  ‘ collis  ’ without  an  ‘ anti-crochet  ’ ; there  is,  therefore,  the 
same  variability  in  this  respect  in  the  milk-molars  that  we  have  seen  to  occur  in  the 
true  molars.  The  specimen  of  a young  maxilla  of  a rhinoceros  represented  in  figure 
3 of  plate  XIX  of  Messrs.  Baker  and  Durand’s  memoir,  containing  the  four 
milk-molars,  probably  belongs  to  the  same  species  as  the  present  specimen.  The 
dimensions  of  the  figured  specimen  will  be  found  under  the  head  of  R.  palceindicus. 
(p.  47.) 

Comparisons  between  milk-molars. — Erom  the  above  description  it  appears 
that  the  milk-molars  provisionally  assigned  to  R.  sivalensis  differ  from  the  true  molars 
by  the  occasional  presence  of  a ‘ combing-plate,’  and  in  the  less  development  of 
the  ‘ buttress  ’ at  the  antero-external  angle,  and  it  is,  therefore,  incumbent  on  us 
to  see  whether  analogous  differences  occur  between  the  corresponding  teeth  of 
allied  living  species.  There  is  unfortunately  no  specimen  of  the  milk-molar  den- 
tition of  R.  javanicus  available  to  me ; but  there  are  two  skulls  of  R.  sumatrensis 
(in  which,  as  we  have  seen,  the  general  form  of  the  teeth  is  very  like  that  of  R. 
javanicus ) in  the  Indian  Museum,  showing  the  deciduous  dentition.  In  one  of 
these  specimens  a ‘ combing-plate  ’ occurs  in  the  penultimate  milk-molar,  as  in  our 
specimen  of  the  milk-molars  of  R.  sivalensis,  and  none  in  the  last.  In  the  two 
last  milk- molars  of  the  living  species,  the  ‘ buttress  ’ at  the  antero-external  angle 
is  less  produced  than  in  the  true  molars.  Hence  the  external  wall  of  the  two 
milk-molars,  when  the  teeth  are  in  the  jaw,  is  nearly  coincident  with  the  long  axis 
of  the  skull,  while  in  the  true  molars  the  corresponding  surface  forms  a large 
angle  with  the  same  axis.  If  the  last  milk-molar  of  R.  sivalensis  were  fully  pro- 
truded, the  outer  surface  of  this  and  the  anterior  tooth  would  likewise  be  nearly 
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coincident  with  the  long  axis  of  the  jaw.  It  is  thus  apparent  that  the  differences 
existing  between  the  teeth,  which  we  have  considered  as  the  deciduous  and  per- 
manent molars  of  the  fossil  Siwalik  rhinoceros,  are  paralleled  by  corresponding 
differences  between  the  homologous  teeth  of  a living  species  with  very  similarly  formed 
teeth,  and  there  is  accordingly  a presumption  of  the  correctness  of  the  reference. 

General  remarks  on  the  upper  molar  dentition  of  the  Rhinocerotidce. — It  has 
been  shown  from  the  preceding  comparisons  that  in,  at  all  events,  some  of  the 
species  of  rhinoceros,  whose  upper  molars  are  formed  on  the  plan  of  those  of  the 
living  Javan  and  Sumatran  species,  the  milk-molars  present  a less  degree  of  special- 
isation than  the  true  molars  in  regard  to  the  relative  development  of  the  so- 
called  ‘ buttress  ’ at  the  antero-external  angle.  If,  however,  we  turn  to  other 
species,  like  R.  indicus , in  which  there  is  no  distinct  ‘ buttress  ’ developed  in  the 
upper  true  molars,  it  will  be  found  that  in  the  milk-molars  there  occurs  an  approach 
to  this  e buttress,’  very  like  that  which  occurs  in  the  milk-molars  of  the  R.  suma- 
trensis  type.1  Indeed,  in  place  of  the  very  wide  difference  occurring  between  the 
true  molars  of  R.  indicus  and  R.  sumatrensis,  there  is  only  a comparatively  very 
slight  difference  between  their  milk-molars.  Now,  at  all  events,  the  greater  number 
of  the  old  forms  of  the  Rhinocerotidse  (Acer other ium,  and  I believe  all  the  mio- 
cene  species  of  Rhinoceros ) possess  teeth  of  the  Sumatran  type,  which  approaches 
the  type  of  the  teeth  of  other  old  perissodactyles,  such  as  Ralceotherium,  Anchi- 
therium,  Hyachyus,  &c.,  and  it  is  therefore  pretty  clear  that  this  form  of  molar  is 
the  oldest.  This,  then,  will  explain  the  resemblance  existing  between  the  milk- 
molars  of  species  whose  true  molars  are  formed,  respectively,  on  the  Sumatran  and 
Indian  types,  it  being  not  uncommon  for  ancestral  characters  to  be  retained  in  the 
deciduous  series,  which  have  long  since  disappeared  in  the  permanent.  It  would 
be  a necessary  consequence  of  this  hypothesis  that  species  having  teeth  of  the 
Indian  type  should  be  of  comparatively  recent  origin,  and  such,  indeed,  appears  to 
he  the  case.  The  earliest  form  seems  to  be  the  Siwalik  R.  platyrhinus,  apparently 
only  found  in  such  parts  of  the  Siwaliks  as  are  without  much  doubt  of  pliocene 
age,  and  never  occurring  in  the  older  Punjab  and  Sind  beds;  in  the  pleistocene  we 
have  R.  tichorhinus,  and  at  the  present  time  R.  indicus  and  R.  simus.  There  also 
exist  intermediate  forms,  which  seem  to  have  originated  in  the  pliocene,  and  still  live 
on;  these  have  teeth  without  the  distinct  ‘buttress’  of  the  Sumatran  type,  but  the 
‘ crochet  ’ and  ‘ combing-plate  ’ do  not  unite  to  cut  off  an  accessory  ‘ fossette,’  as  in  the 
Indian  type,  and  the  latter  may  be  absent ; these  intermediate  forms  are  exempli- 
fied by  the  fossil  Rhinoceros  etruscus,  R.  leptorhinus  (Owen)  and  the  living  African 
R.  hicornis.  If  these  conclusions  be  true,  the  Sumatran  and  Javan  rhinoceroses 
must  be  considered  as  being  the  little  altered  descendants  of  a very  old  type, 
while  R.  indicus  is  a much  more  specialised  form  of  later  origin. 

Mandibles  of  Siwalik  rhinoceroses. — The  authors  of  the  “Eauna  Antiqua 

1 This  character  is  shown  to  a certain  extent  in  the  specimens  of  the  milk-molar  dentition  of  Ji.  indicus  figured 
by  the  author  in  the  ‘Jour.  As.  Soc.,  Bengal’  (Vol.  XLIX,  pt.  II,  pi.  VII),  hut  more  clearly  in  still  younger  specimens. 
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Sivalensis”  have  figured  #three  distinct  forms  of  the  symphysis  of  the  mandible  of 
Siwalik  rhinoceroses,  which  they  have  respectively  referred  to  the  three  species 
named  by  them  from  the  sub-Himalaya.  In  the  first  volume  of  1 his  work  I accepted 
these  determinations,  though  a proviso  was  added  in  the  preface  that  I was  unaware 
on  what  grounds  they  rested.  A subsequent  reconsideration  of  the  questipn  has 
now  convinced  me  that  these  determinations,  in  support  of  which  there  is  no 
available  evidence,  are  probably  incorrect,  and  I shall  accordingly  proceed  to  show 
on  what  grounds  they  may  be  objected  to.  Before  going  further,  however,  it 
may  he  premised  that  from  the  remarkable  similarity  in  the  form  of  the  lower 
molars  of  all  species  of  rhinoceroses,  it  is  a matter  of  extreme  difficulty  to  speci- 
fically distinguish  fragmentary  fossil  jaws  not  showing  the  symphysis,  and  accord- 
ingly only  such  specimens  as  exhibit  this  portion  will  he  entirely  relied  upon  for 
specific  distinction.  It  appears  indeed,  to  me,  to  he  very  problematical  whether 
it  would  he  possible  to  distinguish  the  lower  molars  of  the  living  species,  if  re- 
moved from  the  characteristic  parts  of  the  mandible. 

Of  the  specimens  figured  by  Bale  oner  and  Cautley,  the  first  is  a jaw  with  the 
symphysis  (pi.  LXXIY,  fig.  6),  which  seems  to  have  carried  no  incisors,  and  in 
which  the  molar  series  extended  far  over  the  symphysis.1  This  specimen  has  been 
referred  to  R.  sivalensis,  and  seems  to  he  most  nearly  related  to  the  mandibles  of 
the  pleistocene  European  and  the  living  African  rhinoceroses.  The  second  form 
(pi.  LXXIY,  fig.  4)  shows  merely  the  symphysis,  which  carries  a large  pair  of 
outer  incisors,  and  apparently  no  median  pair ; the  central  part  of  this  symphysis 
forms  a uniform  channel,  sloping  regularly  from  before  backwards  as  in  the  Javan 
rhinoceros.  This  specimen  has  been  referred  to  R.  palceindicus.  The  third  form  is 
exemplified  by  two  specimens,  one  of  which  (pi.  LXXII,  fig.  4)  exhibits  only  the 
symphysis,  while  the  other  (pi.  LXXY,  fig.  10)  shows  the  rami  as  well.  In  this 
form  the  symphysis  carries  a pair  of  large  outer  incisors,  and  another  pair  of  very 
small  inner  ones ; the  central  portion  of  this  symphysis  forms  a channel  which  is 
convex  in  the  middle  of  its  course,  as  in  R.  indicus.  This  form  has  been  referred 
to  R.  platyrhinus. 

In  the  Indian  Museum  the  only  specimens  (exclusive  of  the  mandible  of  Acero- 
therium  perimense)  of  the  symphysis  of  the  mandible  of  Siwalik  rhinoceroses  are 
two ; one  of  these  is  merely  a symphysis,  and  agrees  with  the  form  referred  by 
Ealconer  and  Cautley  to  R.  platyrhinus  ; this  specimen  was  obtained  from  the  eastern 
Siwaliks  in  the  neighbourhood  of  the  river  Jamna.  The  second  specimen  (pi.  YI, 
fig.  3)  agrees  with  the  form  referred  by  Ealconer  and  Cautley  to  R.  palceindicus,  and 
was  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the  western  Punjab. 

With  regard  to  the  case  of  R.  sivalensis,  we  have  already  shown  that  this  is  a 
unicorn  species,  showing  great  affinities  in  the  form  of  its  molars  to  the  livin  g 
R.  javanicus.  This  being  so,  it  is  in  the  highest  degree  improbable  that  it  was  fur- 

1 From  the  description  of  this  specimen  in  the  index  to  the  plates,  the  symphysis  appears  to  be  imperfect,  and 
may  have  been  produced  into  a spatulate  form. 
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nislied  witli  a lower  jaw  totally  unlike  that  of  the  latter  species,  and  nearly  resem- 
bling the  jaws  of  the  bicorn  living  African  or  pleistocene  European  species.  Again, 
no  known  unicorn  species,  either  recent  or  fossil,  has  a mandible  unprovided  with  in- 
cisors, like  the  one  referred  by  Ealconer  and  Cautley  to  the  unicorn  R.  sivalensis. 
Hence  there  is  a very  strong  presumption  indeed  that  the  Siwalik  lower  jaw  without 
incisors  belonged  to  a bicorned  species,  while  to  R.  sivalensis  there  belonged  one  of 
the  two  forms  of  tusked  lower  jaws  referred  by  Ealconer  and  Cautley  to  the  other  two 
Siwalik  species.  This  inference  is  supported  by  the  fact  that  in  the  Punjab  none  of 
the  numerous  mandibles  of  fossil  rhinoceroses  collected  by  Mr.  Theobald  belong  to 
the  form  referred  to  R.  sivalensis,1  while  nearly  all  the  upper  molars  (except 
those  of  Acerotherium ) belong  to  R.  sivalensis,  and  none  to  R.  platyrhinus.  Ealconer’s 
determination  would,  therefore,  drive  us  into  the  double  dilemma  of,  firstly,  referring 
to  a species  closely  allied  to  the  Javan  rhinoceros,  a form  of  jaw  nearly  resembling 
that  of  a bicorn  species;  and,  secondly,  of  finding  no  lower  jaws  of  a species  in  a 
district  where  its  upper  jaws  and  skulls  are  of  comparatively  common  occurrence.  I 
therefore  conclude  that  Ealconer  and  Cautley’s  determination  of  the  lower  jaw  of 
R.  sivalensis  is  probably  incorrect. 

Erom  this  it  will  be  clear  that  one  of  the  forms  of  mandible  referred  by  Ealconer 
and  Cautley  respectively  to  R.  palceindieus  and  R.  platyrhinus  will  probably 
belong  to  R.  sivalensis.  Now  of  these  two,  I find  that  the  one  referred  to  R.palce- 
indicus  approaches  most  nearly  in  general  form  to  the  mandible  of  R.  javanicus,  and 
that  this  one  appears  to  be  the  most  common  in  the  Punjab  where  R.  sivalensis  is 
the  prevailing  species.  It  is  true,  indeed,  that  in  the  presence  of  median  incisors  the 
mandible  referred  by  Ealconer  and  Cautley  to  R.  platyrhinus  agrees  more  closely  with 
the  mandible  of  R.  javanicus,  but  its  general  form  is  different,  and  it  is  by  no  means 
certain  that  small  median  incisors  may  not  have  been  developed  in  the  jaw  I have 
provisionally  assigned  to  R.  sivalensis,  and  have  been  shed  at  an  early  period. 

There  now  comes  the  question  as  to  which  of  the  two  remaining  lower 
jaws  should  be  assigned  respectively  to  R.  platyrhinus  and  R.  palceindieus . The 
former  species,  as  has  been  already  stated,  is  a bicorn  form,  and,  as  will  be  shown 
subsequently,  has  upper  molars  formed  on  the  complex  Indian  type.  Now,  the  only 
species  of  rhinoceroses  known  to  me,  which  are  bicorn,  and  furnished  with  perma- 
nent lower  incisors,  are  R.  sumatrensis  (?—R.  lasiotis ) and  R.  schleiermacheri, 
and  these  have  upper  molars  of  the  simple  or  Sumatran  type.  No  bicorn  species 
with  teeth  of  the  Indian  type  ever  have  permanent  outer  incisors,2  though 
some  species  without  incisors  have  molar  teeth  of  the  Sumatran  or  intermediate 
type ; e.g.,  R.  bicornis,  R.  etruscus,  R.  leptorhinus  (Owen),  R.  megarhinus,  R.  pachy- 
gnathus,  R.  tichorhinus.  Einally,  as  already  said,  there  is  no  known  instance  of  an 

1 Although  these  specimens,  with  one  exception,  do  not  show  the  symphysis,  many  of  them  show  the  whole  of  the 
premolar  dentition,  which,  in  the  form  referred  hy  F.  and  C.  to  E,  sivalensis,  is  placed  directly  on  the  symphysis ; the 
specimens  therefore  indicate  a form  with  a produced  symphysis. 

* According  to  M.  Gaudry.  \loc.  cit.  p.  52),  E. pachygnathus  and  E.  lejotorhinus  sometimes  develope  very  minute 
inenr  incisors. 
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unicorn  species  having  been  unprovided  with  lower  incisors.  The  balance  of  evidence 
therefore  seems  to  he  strongly  in  favour  of  the  view  that  the  form  of  Siwalik  jaw 
without  incisors  should  he  referred  to  B.  platyrhinus.  This  being  so,  the  remaining 
jaw,  with  two  pairs  of  incisors,  must  belong  to  B.  palceindicus. 

If  the  above  determinations  he  correct,  the  specimens  figured  in  the  “Fauna 
Antiqua  Sivalensis,”  must  he  redistributed  as  follows  : — 

. R.  sivalensis,  plate  74,  figs.  3,  4. 

R.  platyrhinus , „ „ fig.  6 ; pi.  75,  fig.  6. 
j U.  palceindicus,  „ 72,  „ 4;  „ „ „ 10. 


Mandible  of  B.  sivalensis — Assuming  that  the  mandible,  of  which  a figure,  half 
the  natural  size,  is  given  in  plate  VI,  figure  3 of  this  volume,  belongs  to  Bhinoceros 
sivalensis , we  may  proceed  to  the  description  of  the  specimen.  It  consists  of  the 
symphysis,  and  the  left  horizontal  ramus  of  the  mandible,  showing  the  sockets  of 
two  incisors,  and  six  complete  molar  teeth.  Of  the  latter,  the  three  last  (m.  1.  m.  2. 
m.  3)  belong  to  the  true  molar,  and  the  three  earlier  to  the  premolar  series ; the  latter 
determination  being  made  from  the  fact  that  the  fourth  tooth,  counting  from  the 
left  (m.  1),  is  more  worn  than  the  third  tooth.  The  last  true  molar,  though  fully  pro- 
truded from  the  alveolus,  has  not  been  touched  by  wear,  so  that  the  animal  had  only 
just  attained  its  full  development  at  the  time  of  its  death.  The  form  of  the  whole  jaw 
and  teeth  is  so  close  to  that  of  the  corresponding  parts  of  B.  javanieus  that  it  would 
he  waste  of  words  to  give  a detailed  description ; and  it  will,  therefore,  he  sufficient 
to  give  the  measurements  of  the  two  specimens.  It  may,  however,  he  noticed  that 
both  specimens  agree  in  the  absence  of  the  first  premolar,  which  in  the  living  form 
is  very  generally  shed  at  an  early  period ; this  is  in  contrast  to  what  occurs  in  B.  in- 
dicus  where  the  first  premolar  as  frequently  persists.  Apart  from  the  smaller  size 
of  the  recent  specimen,  the  only  important  difference  that  can  he  detected  between 
the  two  is  the  absence  of  the  alveoli  of  median  incisors  in  the  fossil.  This  no  doubt  is 
a very  important  point  of  difference,  and  it  is  somewhat  difficult  to  account  for  the 
presence  of  these  teeth  in  B.  javanieus,  if,  as  the  other  evidence  seems  to  indicate, 
that  species  he  the  descendant  of  B.  sivalensis.  It  is,  however,  quite  possible,  as 
already  mentioned,  that  the  latter  species  may  have  developed  median  incisors  in  the 
young  state.  The  following  table  gives  the  dimensions  of  the  jaws  of  the  two 
species : — 


R.  sivalensis. 

Length  of  six  molars  ll'O 

Length  of  first  premolar 1‘3 

Height  of  „ „ (slightly  worn) l’l 

Length  of  last  true  molar 21 

Height  of  „ „ 1'56 

Depth  of  jaw  at  first  true  molar . 3’3 

"Width  of  narrowest  pt.  of  symphysis 3'4 

Long  diameter  of  incisive  alveolus 1‘7 

Shorter  „ „ 1*1 


R.  javanieus. 
90 

n 

1-0 

1:73 

1*22 

2-4 

2-8 

1-6 

09 
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The  specimen  of  the  symphysis  figured  in  the  “Eauna  Antiqua  Sivalensis,” 
already  referred  to,  is  somewhat  wider ; this  additional  width  seems  in  great  part 
due  to  pressure ; there  are,  however,  analogous  differences  in  the  width  of  the  sym- 
physis of  the  living  species. 

Var.  gajensis,  Nobis. 

Specimens . — The  next  specimens  for  consideration  are  the  hinder  portion  of  a 
skull  and  the  upper  molar  of  a rhinoceros,  obtained  by  Mr.  Eedden  in  Sind  from 
a group  of  rocks  known  as  the  Gaj  beds  (plate  Y,  fig.  7 ; plate  YII,  fig  1).  The 
specimens  in  question  are  those  on  which  rests  the  statement  given  in  Mr.  W.  T. 
Blanford’s  “Geology  of  Western  Sind”,1  that  11.  sivalensis  occurs  in  the  Gaj 
beds,  and  is  the  only  mammal  found  in  them.  The  age  of  these  beds  is  given  in 
the  same  memoir  as  being  probably  miocene,  with  a possibility  of  being  the  upper 
part  of  that  period.  This  fossil  is  accordingly  in  all  probability  from  a lower  horizon 
than  any  of  the  other  mammals  from  Sind  and  the  Siwaliks,  and  its  specific  deter- 
mination is  therefore  a matter  of  very  considerable  interest.  In  the  course  of  the 
following  description,  there  will  be  pointed  out  certain  peculiarities  in  which  the 
remains  from  the  Gaj  beds  differ  from  the  corresponding  remains  of  type  specimens 
of  U.  sivalensis ; but  it  will  also  be  shown  that  in  regard  to  the  teeth  there  is  a 
transition  from  the  type  Siwalik  forms  to  the  Gaj  form,  and  I have,  therefore,  come 
to  the  conclusion  that  it  will  be  best  to  consider,  at  all  events  provisionally,  the  Gaj 
fossil  as  a variety  of  U.  sivalensis,  for  which  I propose  the  name  gajensis ; at  the 
same  time  indicating  the  possibility  of  its  specific  distinctness. 

Skull . — The  fragment  of  the  skull  unfortunately  alone  remaining  consists  of 
the  hinder  half  only  (pi.  YII,  fig  1) ; this,  however,  is  fairly  perfect.  This  skull 
was  found  in  company  with  two  molars,  one  of  which  is  figured  in  plate  Y,  fig.  7, 
and  was  probably  intact  before  it  was  extracted  from  its  bed.  The  condition  of 
the  molars  proves  it  to  belong  to  an  animal  which  had  not  attained  its  full  dimen- 
sions. If  the  figure  of  the  Gaj  skull  be  compared  with  the  corresponding  part  in 
the  adult  skulls  of  11.  sivalensis,  figured  by  Messrs.  Baker  and  Durand,3  by  Ealconer 
and  Cautley,3  and  in  this  volume,  it  will  be  seen  that  the  supra-occipital  region 
in  the  former  is  not  produced  into  such  a high  angular  peak  as  in  those  specimens, 
while  the  Gaj  skull  is  also  of  considerably  smaller  dimensions.  We  have,  however, 
seen  reason  to  believe  that  the  latter  belongs  to  an  immature  individual,  and  it  is, 
therefore,  not  in  a condition  to  afford  well-marked  specific  characters.  Seeing  that 
in  the  large  living  unicorn  Indian  rhinoceros  there  is  a very  considerable  difference 
n the  relative  development  of  the  supra-occipital  region  according  to  age,4  it  is 

1 Mem.  Geol.  Surv.  Ind.,  vol.  XVII,  p.  57.  s loc . cit.,  pi.  V,  fig.  3.  3 ‘ F.  A.  S.’  pi.  LXXIII,  fig.  2a. 

4 The  non-development  of  the  occipital  region  at  an  early  age  is  well  exhibited  in  a young  skull  of  It.  indicus 
figured  by  Dr.  Gray  (“  Hand-list  of  Edentate,  Thick-skinned,  and  Ruminant  Mammals  in  the  British  Museum,” 
pi.  XIV).  A good  figure  of  an  adult  skull  is  given  in  De  Blain ville’s- “ Osteographie.” 
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not  improbable  that  tlie  Gaj  skull  is  not  fully  developed  in  this  respect.  Again,  the 
hinder  portion  of  a small  skull  of  a fossil  rhinoceros  from  the  Siwaliks,  figured  by 
Messrs.  Baker  and  Durand,1  agrees  with  the  Gaj  specimen  in  size  and  form.  This 
skull  was  considered  by  those  writers  as  belonging  to  a young  individual  of  R.  siva- 
l&nsis ; and  if  this  determination  be  correct,  it  would  show  that  the  Gaj  specimen  is 
probably  a young  individual  of  the  same.  On  the  whole,  it  seems  to  me  probable  that 
the  Gaj  skull  would  never  have  developed  such  a high  occipital  region  as  the  typical 
skulls  of  R.  sivalensis ; but,  as  we  shall  see  below,  there  is  such  an  intimate  con- 
nection between  the  upper  molars  of  the  two  forms  that  there  would  be  great  diffi- 
culty in  making  any  well-defined  specific  distinctions,  although,  as  already  said, 
there  is  a possibility  of  the  specific  distinctness  of  one  form.  The  Gdj  skull  exhibits 
very  clearly  the  union  of  the  post- glenoid  and  post- tympanic  processes  of  the  squa- 
mosal below  the  auditory  meatus,  a character  which  it  shares,  as  far  as  is  known, 
with  all  unicorn  members  of  the  family. 

Upper  true  molar . — The  upper  molar  drawn  in  figure  7 of  plate  V is  the  one 
nearly  perfect  specimen  found  with  the  Sind  skull ; it  has  unfortunately  been 
broken  on  the  free  edge  of  the  outer  wall : when  perfect  it  could  only  have  been 
just  touched  by  wear  on  this  outer  side,  as  the  summits  of  the  two  c colles  ’ are  still 
intact.  The  antero-posterior  elongation  of  this  tooth  shows  that  it  cannot  belong 
to  the  premolar  series  ; while  the  great  development  of  the  c buttress  ’ at  the  antero- 
external  angle,  and  the  curvature  of  the  external,  or  dorsal  surface,  equally  shows 
that  it  cannot  be  a milk-molar.  The  specimen  must,  therefore,  be  either  the  first  or 
the  second  true  molar.  If  the  figure  of  this  tooth  be  compared  with  that  of  the 
second  upper  true  molar  of  R.  sivalensis  drawn  in  figure  2 of  the  same  plate,  it  will 
be  seen  that,  except  as  regards  size,  the  two  are  exceedingly  alike.  The  only 
differences  that  I can  detect  are  that  in  the  smaller  tooth  the  groove  on  the  posterior 
aspect  of  the  4 anterior  collis 5 is  more  pronounced,  and  the  ensuing  accessory  spur 
considerably  more  developed  than  in  the  larger  specimen ; in  the  former  there  is  also 
a distinct  tubercle  at  the  entrance  to  the  4 median  valley,’  of  which  only  a trace 
exists  in  the  larger.  Both  agree  in  the  form  of  the  4 posterior  valley.’  In  the  teeth 
which  are  here  provisionally  considered  as  the  milk-molars  of  R.  sivalensis,  there  is 
the  same  conformation  of  the  4 anterior  collis  ’ as  in  the  Gaj  specimen ; consequently, 
since  ancestral  characters  are  often  retained  in  the  milk-molars,  and  if  all  the  teeth 
belong  to  the  same  species,  it  would  seem  that  in  the  Gaj  race  the  form  of  the 
4 anterior  collis  ’ was  the  most  complex ; in  the  higher  Manchhar  form  it  was  slightly 
less  so,  and  in  the  highest  Siwalik  form  it  had  become  quite  simple,  its  original 
complexity  being  retained  only  in  the  milk-molars. 

Seeing  thus  that  a transition  can  be  traced  from  the  Gaj  molar,  through  the 
Manchhar,  to  the  Siwalik  specimen,  there  appear  to  be  no  valid  grounds  for 
assigning  the  first  to  a distinct  species ; as,  however,  the  Gaj  form  is  of  consider 
ably  smaller  size  than  either  of  the  others,  and  as  it  presents  certain  points  of 

1 Loc.  cit.,  pi.  XVII,  fig.  9. 
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difference  from  tlie  type,  I propose,  as  already  said,  that  it  should  be  known,  at  all 
events  for  the  present,  as  'Rhinoceros  sivalensis  y ar.  gajensis.  If  the  Gaj  specimen 
were  assigned  to  a distinct  species,  it  would  then  he  impossible  to  say  whether  the 
Manchhar  upper  molar  should  he  referred  to  this  new  species  with  which  it  agrees 
in  form,  or  to  R.  sivalensis  with  which  it  agrees  in  size. 

The  dimensions  of  the  Gaj  specimen  are  compared  below  with  those  of  the  first 
upper  true  molar  of  R.  javanicus,  from  which  it  will  he  seen  that  the  two  indicate 
an  animal  of  the  same  size  : — 

Var.  gajensis.  R.  javanicns. 

Length  of  anterior  surface 2 0 2'1 

„ of  outer  „ ......  2 05  1*86 

„ of  posterior  „ 1’6  1*9 

„ of  inner  „ 1*15  1*3 

These  measurements  show  that  the  same  proportions  pointed  out  above  as  dis- 
tinguishing the  larger  teeth  of  R.  sivalensis  from  those  of  R.  javanicus  prevail  in 
the  smaller  Gaj  variety  of  the  former. 

Distribution. — Remains  of  Rhinoceros  sivalensis  appear  to  have  been  obtained 
throughout  the  sub- Himalayan  Siwaliks,  from  the  Ganges  to  the  Indus  ; they  have 
also  been  obtained  from  the  lower  Manchhar  beds  of  Sind;  while  the  variety, 
gajensis , occurs  in  the  Gaj  beds  of  the  latter  country.  No  remains  of  the  species 
have  hitherto  been  identified  either  from  Burma  or  from  Perim  Island. 

Conclusion. — In  conclusion,  it  may  he  predicated  of  R.  sivalensis,  if  all  the 
remains  described  above  are  correctly  assigned  to  it,  that  it  is  an  unicorn  species, 
the  form  of  whose  cranium  is  intermediate  between  that  of  R.  indicus  and  R.  java- 
nicus ; and  that  its  molar  dentition  and  mandible  are  exceedingly  like  those  of  the 
latter,  and  very  different  from  those  of  the  former  species.  It  is,  however,  dis- 
tinguished from  the  latter  by  the  absence  of  median  lower  incisors.  It  was  re- 
presented in  the  undoubted  miocene  by  a smaller  form  presenting  slight  differences 
in  the  form  of  the  molars  from  the  typical  pliocene  form,  and  it  is  also  possible  there 
was  a slight  difference  in  the  shape  of  the  cranium  of  the  earlier  form,  making  an 
approach  to  the  cranium  of  R.  javanicus.  The  balance  of  evidence  seems  therefore 
to  point  to  the  intimate  relationship  existing  between  R.  sivalensis  and  R.  java- 
nicus, and  to  the  probability  of  the  one  being  the  ancestor  of  the  other.  It  is,  however, 
as  already  said,  somewhat  difficult  to  understand  the  absence  of  median  incisors  in 
the  adult  fossil  form ; and  also  in  a lesser  degree  the  greater  apparent  specialisa- 
tion in  the  form  of  the  skull. 


Species  2. — Rhinoceros  pal^eindicus,  Ealconer  and  Cautley. 

Previous  notices. — As  far  as  can  he  discovered,  no  description  or  notice  of  this 
species  was  ever  published  by  the  authors  of  the  “ Eauna  Anti  qua  Sivalensis,”  and 
the  first  appearance  of  the  name  seems  to  have  been  in  that  work,  where  several 
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skulls  and  other  remains  are  figured.  In  that  work  there  are  figured  two  specimens 
of  adult  skulls  (pi.  LXXIII,  fig.  1 ; pi.  LXXIY,  fig.  2),  and  one  of  an  immature 
skull  (pi.  LXXIY,  fig.  1),  showing  the  milk-molar  dentition.1  In  pi.  LXXV, 
fig.  1 of  the  same  work,  there  is  figured  the  left  upper  molar  dentition  of  a 
rhinoceros  under  the  same  specific  name.  An  upper  tooth  of  the  molar  series  is 
represented  in  figure  4 of  the  same  plate.  Specimens  of  a mandible  referred  to 
this  species  are  also  figured,  hut,  as  has  been  said  in  the  description  of  the  last 
species,  I have  not  accepted  this  identification.  A short  notice  of  this  species  has 
been  given  in  the  preceding  volume  of  this  work,2  but  beyond  this  no  important 
or  original  notice  has  ever  been  published.  I accordingly  proceed  to  notice  briefly 
the  leading  characters  of  the  more  important  specimens  figured  in  the  “ Fauna 
Anti  qua  Sivalensis”  (the  dentition  of  one  of  which  will  he  noticed  more  fully), 
and  to  describe  certain  teeth  from  the  collection  of  the  Indian  Museum  apparently 
belonging  to  this  species , It  may  he  added  that  there  are  exceedingly  few  remains 
in  the  latter  collection  which,  can  he  referred  to  this  species. 

Cranium. — As  far  as  can  he  judged  from  the  figures  given  in  the  “ Fauna 
Anticjua  Sivalensis/5  the  cranium  of  this  species  indicates  that  it  carried  one  very 
large  nasal  horn,  and  that  the  superior  border  was  highly  curved,  hut  to  a less 
extent  than  in  the  preceding  species  ; it  was  also  distinguished  by  its  greater  width 
across  the  frontals.  A cast  of  the  young  skull,  already  referred  to,  shows  that  the 
inferior  squamosal  processes  were  united  below  the  auditory  meatus.  Measure- 
ments of  the  skulls  figured  in  the  “ Fauna  Antiqua  Sivalensis 55  are  given  in  the 
descriptions  of  the  plates  of  that  work,3  and  this  is  about  all  that  can  be  gathered 
from  the  materials  at  our  disposal. 

Upper  molar  dentition. — Among  the  crania  figured  in  the  “ Fauna  Antiqua 
Sivalensis,55  the  specimen,  of  which  the  inf erior  aspect  is  represented  in  figure  2 a of 
plate  LXXIY,  alone  exhibits  the  greater  part  of  the  molar  series  in  an  intermediate 
condition  of  wear,  and  is  accordingly  the  best  adapted  for  studying  the  general 
characters  of  these  teeth.4  This  specimen  shows  that  the  true  molars  are  readily 
distinguished  from  those  of  R.  sivalensis  by  the  absence  of  any  distinct  ‘ buttress  5 
at  the  antero-external  angle,  and  also  by  the  consequently  much  greater  flatness 
of  the  external  surface  of  each  tooth.  The  molar  teeth  of  both  species  agree  in  the 
presence  of  a distinct  ‘crochet,5  and  in  the  absence  of  a ‘ combing-plate.5  Yery 
frequently,  in  the  upper  molars  of  R.  palceindicus,  the  ‘crochet5  extends  completely 
across  the  ‘ median  valley  5 so  as  to  cut  off  from  this  valley  a separate  pit,  which, 
when  the  crown  is  worn  down,  appears  as  a distinct  island  or  ‘ fossette, 5 frequently 
termed  the  ‘ accessory  fossette. 5 In  this  respect  the  true  molars  of  R.  palceindicus 
in  many  cases  differ  from  those  of  R.  sivalensis , but  this  does  not  appear  to  be  an 

1 In  the  description  of  this  figure,  the  specimen  is  erroneously  said  to  show  the  permanent  dentition. 

2 Page  22  et  seq.  3 “ Pal.  Mem.”  Vol.  I. 

4 It  is  impossible  to  avoid  a certain  repetition  of  the  matter  given  in  the  first  volume  on  this  subject. 
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invariable  point  of  distinction,  as  we  have  seen  that  a ‘ third  fossette  ’ is  occasionally- 
developed  in  some  of  the  molars  of  the  latter  species,  and  it  does  not  always  appear 
to  be  present  in  those  of  the  former. 

The  next  specimen  requiring  notice  is  a detached  upper  molar,  drawn  of  half 
the  natural  size  in  figure  4 of  plate  LXXY  of  the  “ Eauna  Antiqua  Sivalensis,” 
and  copied  in  figure  3 of  plate  IY  of  the  first  volume  of  this  work.  This  tooth  has 
a length  of  2’5,  and  a breadth  of  32  inches;  it  has  hitherto  been  considered, 
following  Ealconer  and  Cautley,  as  a premolar,  but  its  large  size  and  proportionate 
length  rather  seem  to  indicate  that  it  is  a true  molar,  and  it  appears  to  agree  pre- 
cisely, both  in  form  and  size,  with  the  right  upper  penultimate  true  molar  of  the 
skull  drawn  in  plate  LXXIY,  figure  2 a of  the  “ Eauna  Antiqua  Sivalensis.” 

The  last  specimen  of  the  upper  molar  dentition  of  this  species  figured  in 
Ealconer  and  Cautley’s  great  work  is  contained  in  a detached  specimen  of  the  left 
maxilla  showing  the  three  true  molars  (pi.  LXXY,  fig.  1).  In  this  specimen  the 
teeth  have  the  general  characters  of  those  of  the  other  specimens,  but,  as  far  as  can 
be  judged  from  the  figures,  the  external  surface  of  the  penultimate  molar  appears  to 
be  slightly  more  curved ; this,  however,  does  not  appear  to  be  a character  of  specific 
importance.  The  length  of  the  penultimate  tooth  in  that  specimen  is  2*4,  and  the 
width  3’2  inches. 

Punjab  specimen. — In  plate  YI,  figure  1 of  this  volume  are  represented  three 
associated  upper  molars  of  a fossil . rhinoceros,  which  it  seems  probable  should 
be  referred  to  a small  form  of  the  present  species.  The  figured  teeth  are  contained 
in  a portion  of  the  left  maxilla,  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the 
Punjab.  That  maxilla  shows  the  broken  base  of  a tooth  to  the  right  of  the  figured 
specimens,  which  is  the  remnant  of  the  last  true  molar ; the  figured  specimens  will 
therefore  be  (counting  from  left  to  right)  the  last  premolar  and  the  first  and 
second  true  molars.  The  whole  of  the  three  teeth  are  somewhat  battered,  but  the 
premolar  and  the  first  true  molar  are  fairly  perfect ; the  second  true  molar  has, 
however,  lost  its  outer  wall. 

Erom  the  absence  of  any  distinct  ‘ buttress  ’ at  the  antero-external  angle  of  the 
first  true  molar,  it  is  perfectly  evident  that  these  teeth  can  belong  neither  to  Acero- 
therium  perimense  nor  to  Rhinoceros  sivalensis.  The  want  of  a c combing-plate  ’ 
is  equally  convincing  that  they  cannot  belong  to  R.  platyrliinus.  Hence,  unless 
they  belong  to  a new  species,  they  must  be  referred  to  E.  palceindicus. 

On  comparing  the  two  true  molars  of  the  specimen  under  consideration  with 
the  figures  of  the  corresponding  teeth  of  the  specimen  drawn  in  figure  1 of  plate 
LXXV  of  the  “ Eauna  Antiqua  Sivalensis,”  the  two  appear  to  correspond  very 
closely,  except  in  the  matter  of  size  : it  seems  probable  that  in  our  specimen  an 
‘ accessory  fossette’  would  be  cut  off  from  the  ‘ median  valley  ’ in  a more  advanced 
state  of  wear.  The  premolar  in  our  specimen  has  a wide  ledge  at  the  entrance  of 
the  ‘median  valley’  forming  a rudimentary  ‘cingulum.’ 
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The  dimensions  of  our  specimen  are  as  follows  : — 


Length  of  last  premolar 1'4 

Width  of  „ T9 

Length  of  first  true  molar 1‘5 

Width  of  „ „ 2'05 

Length  of  second  „ .1/9 

Width  of  „ (P)2-4 


These  measurements  show  that  there  is  a very  considerable  difference  in  the 
size  of  the  two  specimens  ; the  dimensions  of  the  second  upper  true  molar  of  Fal- 
coner’s specimen  being  2*4  X 3-2  inches.  The  general  resemblance  between  the  teeth 
of  the  two  specimens  is,  however,  so  close  that ' I do  not  consider  there  is  any  evi- 
dence at  present  to  warrant  us  in  separating  the  two.  We  have  already  seen  that  the 
molars  of  Falconer’s  specimen  seem  to  be  slightly  different  from  those  of  what  may 
be  called  the  type  specimen,  and  in  the  Punjab  specimen  we  have  this  slight  differ- 
ence in  form  accompanied  by  a difference  in  size.  If  all  three  specimens  belong,  as 
appears  probably  the  case,  to  one  species,  we  have  another  excellent  instance  of  the 
variation  to  which  a species  may  be  subject. 

British  Museum  shull  of  small  race.— In  the  British  Museum  there  is  an  im- 
perfect cranium  of  a Siwalik  rhinoceros,  not  figured  in  the  “ Fauna  Antiqua  Siva- 
lensis,”  but  labelled  R.  palceindieus,  of  which  a cast  is  now  in  the  Indian  Museum. 
This  cast  shows  that  the  cranium  is  imperfect  superiorly,  but  the  portion  of  the 
frontals  remaining  shows  the  great  breadth  characteristic  of  the  skulls  of  R.  palcein- 
dicus.  The  specimen  exhibits  the  greater  portion  of  the  molar  series  of  either  side, 
but  unfortunately  every  tooth  has  been  split  vertically  and  lost  more  or  less  of  its 
outer  half.  The  inner  halves  of  the  first  and  second  true  molars  and  the  greater 
part  of  the  two  last  premolars  are  fairly  well  exhibited.  The  true  molars  of  this 
specimen,  as  far  as  can  be  judged  from  what  remains  of  them,  agree  in  general 
form  with  those  last  described,  but  are  of  slightly  larger  dimensions,  thus  breaking 
down  the  gap  between  the  latter  and  Falconer’s  specimens.  The  premolars  of  this 
specimen,  however,  present  a divergence  in  another  direction.  In  place  of  having 
merely  a small  ledge  at  the  entrance  to  the  5 median  valley,’  as  in  the  Punjab  speci- 
men, the  last  premolar  has  a distinct  ‘ cingulum  ’ along  the  whole  of  the  inner  side, 
and  makes  some  approach  to  a tooth  from  Sind,  represented  in  plate  VI,  figure  6 of 
the  first  volume  of  this  work  as  a premolar  of  Acerotlierium  perimense.  Taking 
into  account,  however,  the  resemblance  of  the  skull  in  the  British  Museum  to  the 
skull  of  R.  palceindieus , and  of  its  true  molars  to  those  of  the  Punjab  specimen, 
which  we  were  unable  to  separate  from  that  species,  I cannot  think  the  materials  at 
present  available  would  justify  us  in  assigning  the  British  Museum  skull  to  a distinct 
species  merely  on  account  of  the  variation  of  one  premolar.  If  this  reference  be 
correct,  it  shows  how  very  uncertain  must  be  any  evidence,  founded  on  a single 
premolar  tooth,  as  to  the  species  of  its  owner. 

Last  upper  premolar. — In  figure  2 of  plate  VII  of  this  volume,  there  is  repre- 
sented one  of  two  similar  upper  premolar  teeth  of  a rhinoceros,  obtained  by  Mr. 
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Theobald  from  the  Siwaliks  of  the  Punjab.  The  specimen  figured  is  from  the 
right  side  of  the  skull,  and  from  its  size  is  probably  the  last  of  'the  premolar  series. 
With  the  exception  of  having  been  somewhat  rolled  on  the  outer  surface,  the  speci- 
men is  perfect,  and  has  been  but  slightly  abraded  by  use.  Erom  a comparison  of  the 
figure  with  the  figures  of  the  upper  premolars  of  Acerotherium  perimense  and 
Rhinoceros  sivalensis , this  tooth  would  seem  not  to  belong  to  either  of  those 
species,  the  premolar  of  the  former  being  characterised  by  its  large  c cingulum,’ 
and  that  of  the  latter  by  the  greater  development  of  the  anterior  ‘ costa,’  and 
consequently  greater  flexure  of  the  external  surface.  The  last  premolar  of  R. 
platyrhinus  is  distinguished  by  the  presence  of  a distinct  ‘ combing-plate.’  It 
seems,  therefore,  not  improbable  that  the  tooth  before  us  may  be  the  last  upper 
premolar  of  R.  palceindicus ; but  as  these  teeth  seem  so  liable  to  variation,  it  is  not 
possible  to  be  certain  on  this  point.  The  tooth  is  characterised  by  the  sub-equal 
size  of  the  two  ‘ colles  by  the  presence  of  a small  and  slightly  bifurcate  c crochet  ’; 
and  by  the  absence  of  any  distinct  ‘ combing-plate  ’:  the  external  surface  has  two 
equal-sized  ‘costae,’  which  have  been  somewhat  worn  away  by  rolling.  As  regards 
form,  the  tooth  appears  to  agree  with  the  last  upper  premolar  drawn  in  figure  1 of 
plate  VI,  but  is  of  larger  size,  and  must  have  belonged  to  an  animal  of  the  dimen- 
sions of  Ealconer’s  type  specimens.  If  this  tooth  be  a premolar  of  R.  palceindicus , 
it  is  quite  evident  that  the  detached  tooth  figured  by  Ealconer  as  such,  and  already 
noticed,  must  be,  as  here  considered,  a true  molar. 

Tipper  milk-molars. — In  figures  1,  la,  lb,  1 c of  plate  LXXIV  of  the  “ Eauna 
Antiqua  Sivalensis  ” are  given  four  views  of  a young  skull  of  a Siwalik  rhinoceros, 
referred  by  the  authors  of  that  work  to  R.  palceindicus  : the  general  form  of  the  skull 
seems  to  indicate  that  such  determination  is  probably  correct.  In  the  post-humous 
descriptions  of  the  plates,  the  specimen  is  said  to  show  the  permanent  dentition,  and 
this  determination  was  originally  accepted  in  the  first  volume  of  this  work,1  but  was 
subsequently  shown  to  be  erroneous,2  and  that  the  four  teeth  present  in  the  skull  are 
really  milk-molars.  In  figure  3 of  plate  VII  of  this  volume,  a view  of  the  inner 
aspect  of  these  teeth  is  given,  taken  from  a cast  of  the  skull,  the  original  being 
in  the  British  Museum.  It  is  on  the  authority  of  Ealconer’s  reference  of  this 
skull  to  R.  palceindicus  that  the  milk-molars  described  above3  are  assigned  to  R . 
sivalensis,  since  they  differ  considerably  from  those  in  the  skull  under  consideration. 
It  will,  perhaps,  be  simpler  to  show  in  what  respect  the  latter  differ  from  the  milk- 
molars  referred  to  R.  sivalensis,  than  to  describe  them  in  detail. 

The  two  sets  of  teeth  belong  to  the  two  opposite  sides  of  the  skull,  and  the  set 
referred  to  R.  palceindicus  contains  the  first  milk-molar,  which  is  wanting  in  the 
set  referred  to  R.  sivalensis.  The  second  milk-molar  (mm.  2)  in  the  former  is  dis- 
tinguished by  having  a very  distinct  median  “ costa  ” on  the  external  surface, 
which  does  not  occur  in  the  corresponding  tooth  of  R.  sivalensis;  the  antero- 
external  angle  of  the  crown  of  the  latter  is  more  produced,  and  tends  more  towards 

1 Page  24.  3 Page  10.  3 PI.  VI,  fig.  2. 
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the  inner  side  than  in  the  former.  The  third  and  fourth  milk-molars  are  very 
similar  in  general  outline,  those  of  B.  palceindicus  being  mainly  distinguished  from 
those  of  B.  sivalensis  by  their  superior  size.  The  6 colies  * in  the  former  are,  how- 
ever, of  more  regularly  conical  form  than  in  the  latter,  and  the  third  milk-molar  of 
B.  palceindicus  does  not  show  the  small  c eombing-plate 1 uniting  with  the 
‘ crochet,’  which  occurs  in  B.  sivalensis.  The  above  mentioned  differences,  except 
in  the  case  of  the  second  milk-molars,  are  but  slight,  and  if  taken  by  themselves,  it 
might  be  doubtful  if  they  would  afford  grounds  for  specific  distinction.  The  follow- 
ing measurements  show  the  dimensions  of  the  figured  specimens  of  the  milk-molars 
of  the  two  species. : — 


Lepgth  of  first  milk-molar 
Width  of  „ 

Length  of  second  „ 

Width  of  „ 

Length  of  third  „ 

Width  of  „ „ 

Length  of  fourth 
Width  of  „ „ 


It.  palceindicus. 

..  . 1:1 
. 0-89 
. 165 
. 1-5 
. 1-9 
. 1'85 
. 2-2 
• . 1-9 


It.  sivalensis. 


1:6 

1-3 

1-65 

1-6 

1-87 

1-74 


Mandible. — Specimens  of  the  form  of  mandible  which  seems  most  probably  to 
belong  to  this  species  are  represented  in  plates  LXXII,  fig.  4,  and  LXXY,  fig.  10  of 
the  “ Eauna  Antiqua  Sivalensis,”  under  the  name  of  B.  platyrliinus  : the  reasons 
for  assigning  this  form  of  mandible  to  the  present,  species  have  been  already  given 
under  the  head  of  B.  sivalensis.  A smaller-sized  drawing  of  one  of  the  speci- 
mens alluded  to  above  is  given  in  the  “ Palaeontological  Memoirs.”1  This  form  of 
mandible  very  closely  resembles  the  mandible  of  B.  indicus,  both  in  its  dentition 
and  shape.  The  symphysis  is  thicker,  and  less  channel-shaped  in  the  middle  than 
in  B.  sivalensis  and  B.  javanicus.  The  first  premolar  seems  to  have  been  shed  at 
an  early  date. 

The  dimensions  of  the  specimen  figured  in  plate  LXXII  of  the  * Eauna  An- 
tiqua Sivalensis  ’ are  as  follows,  in  inches  : — 


Length  of  fragment  ...... 

Breadth  of  symphysis 

Length  of  „ interiorly  .... 

Depth  of  jaw.  

Thickness  of  jaw 

Length  of  four  anterior  molars 

Interval  between  incisive  alveolus  and;  molar  series  . 
Width  between  posterior  molars  .... 
,,  „ anterior  „ . . . . 


13-5 

5-7 

7-0 

4-7 

33 

7-4 

3- 1 

4- 0 
3'4 


The  specimen  figured  in  plate  LXXV  of  the  “ Eauna  Antiqua  Sivalensis  ” is 
referred  to'  in  the  description  of  the  plates  of  that  work  as  follows : — ■“  Lower  jaw, 
right  side,  and  symphysis,  containing  very  large  outer,  and  small  inner  incisor  of 


Yol.  I,  pi.  XIV,  fig.  4. 
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both  sides,  second,  third,  and  fonth  premolars,  and  first  two  true  molars  of  right 


side.”  Its  dimensions  are  as  follows  : — 

Length  of  second  premolar 07 

„ of  third  „ 1*4 

„ of  fourth  ,,  1'65 

„ of  first  true  molar 1’46 

„ of  second  „ 2’0 

Width  of  second  premolar 0-45 

„ of  third  „ 0-85 

„ of  fourth  „ l’l 

„ of  first  true  molar 1'05 

„ of  second  „ 1’2 

Width  between  second  premolars 3’5 

„ „ outer  margins  of  outer  incisors 8'65 

Oblique  width  of  outer  incisor 1*5 

„ thickness  „ 07 

Length  of  exserted  portion 21 


A very  similar  specimen  of  the  symphysis,  showing  the  alveoli  of  the  median 
incisors,  and  the  broken  bases  of  the  large  external  incisors,  is  in  the  collection  of  the 
Indian  Museum.  I am  unacquainted  with  its  history,  though  it  is  evidently  from 
the  Siwaliks. 

Distribution. — Assuming  that  the  specimens  described  above  are  all  rightly 
referred  to  the  present  species,  it  would  seem  that  its  remains  are  found  throughout 
the  sub-Himalayan  Siwaliks,  from  the  Ganges  to  the  Indus;  its  remains  are,  how- 
ever, of  very  rare  occurrence  in  the  Punjab.  In  the  first  volume  of  this  work 
(plate  YI,  fig.  8)  a single  lower  molar  from  Sind  is  referred  to  this  species.  Seeing, 
however,  that  no  identifiable  upper  molars  of  R.  palceindicus  have  been  obtained 
from  that  district,  and  taking  into  consideration  the  extreme  uncertainty  of  any 
specific  determination  based  upon  the  evidence  of  lower  molars,  it  may  be  doubted 
whether  that  identification  will  hold.  No  remains  of  the  species,  as  far  as  I am 
aware,  have  been  determined  from  Perim  Island  or  Burma. 


Species  3.  Rhinoceros  platyrhintjs,  Ealconer  and  Cautley. 

History. — The  name  of  this  species,  like  the  last,  seems  to  have  first  appeared 
in  the  “Eauna  Antiqua  Sivalensis,”  where  some  imperfect  skulls  and  teeth  are 
figured,  together  with  a form  of  mandible  referred  to  the  same  species.  No  descrip- 
tion of  the  species  was  ever  given  by  the  authors  of  that  work.  A note  on 
a cranium  in  the  British  Museum  by  Dr.  Ealconer,  which  from  its  manifest 
inaccuracies  was  never  intended  for  publication,  is  quoted  in  the  “ Palaeontologica 
Memoirs,”1  and  will  be  again  referred  to  below. 

The  specimens  figured  in  the  “ Eauna  Antiqua  Sivalensis”  (pi.  LXXII)  are  an 
anterior  and  a posterior  portion  of  a skull  (figs.  1,  2),  and  a penultimate  and  last 
upper  true  molar  (figs.  6,  7).  On  plate  LXXY  of  the  same  work  specimens  of  each 
of  the  above  teeth  are  figured,  of  half  the  natural  size  (figs.  11,  12).  The  restored 

1 Voi.  I.,  p.  157. 
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figure  of  tlie  penultimate  upper  molar  figured  in  tlie  latter  plate  has  been  copied  in 
the  first  volume  of  this  work,1  where  a short  notice  of  the  species  is  also  given.  In 
the  preface  to  the  same  volume2  it  has  been  shown  that  the  attempted  identification 
of  this  species  with  R.  sumatrensis ' by  the  late  Professor  Brandt  is  founded  upon 
false  premises. 

Cranium. — Besides  the  imperfect  specimens  of  the  cranium  of  this  species 
figured  in  the  “ Fauna  Antiqua  Sivalensis,”  reference  is  made  by  Dr.  Falconer  in 
the  note  already  cited  to  a nearly  complete  cranium,  stated  to  have  been  obtained 
by  Colonel  Baker,  the  collector  of  so  many  Siwalik  fossils,  and  now  in  the  British 
Museum.  This  skull  appears  never  to  have  been  fully  described  or  figured  in  a 
scientific  work,3  and  I have  accordingly  given  a profile  view  of  it  in  this  volume 
(pi.  IX.,  fig.  2)  in  order  to  show  its  general  form ; this  figure  has  been  taken  from 
a cast  in  the  collection  of  the  Indian  Museum. 

An  examination  of  this  cast  shows  that  the  skull  is  perfect,  with  the  exception 
of  the  extremities  of  the  premaxillae,  and  that  it  belonged  to  a two-horned  species, 
the  rough  surfaces  for  the  attachment  of  the  bases  of  two  horns  being  most  distinct- 
ly visible ; the  anterior  horn  must  have  been  of  very  large  size.  The  nasals  are  of  great 
width  and  thickness,  whence  the  specific  name;  this  character  is  well  shown  in 
the  specimen  of  which  an  upper  view  is  given  in  figure  1 of  plate  LXXII  of  the 
“ Fauna  Antiqua  Sivalensis.”  The  supra-occipital  region  is  produced  into  a high 
crest.  The  post-tympanic  and  the  post-glenoidal  processes  of  the  squamosal  are 
united  below  the  external  auditory  meatus,—* a character  showing  that  the  species 
has  no  direct  affinity  with  R.  sumatrensis.  The  premaxillae  are  well  developed,  and 
perhaps  carried  a pair  of  incisors,  though,  if  the  mandible  provisionally  referred  to 
this  species  really  belongs  to  it,  it  may  be  doubted  whether  these  teeth,  if  present, 
were  persistent.4 

In  the  following  table  some  of  the  principal  measurements  of  this  skull  are 
given  in  the  first  column,  while  in  the  second  column  are  given  some  of  the  correspond- 
ing dimensions  of  the  two  imperfect  specimens  figured  by  Falconer  and  Cautley : — 


Length  from  inferior  border  of  foramen  magnum  to  tip  of  premaxillse  (broken)  . 29'5 

Greatest  width  across  zygomse 14'7 

Length  of  six  molars  12’5 

Interval  between  outer  surfaces  of  penultimate  molars 8-4 

Height  of  occiput  from  inferior  margin  of  foramen  magnum  ....  12’0  12  0 

Width  of  „ above . . . 8’6  8’4 

„ of  „ below 13*3  13  2 * 

Height  of  foramen  magnum 2 5 2 5 

Width  of  „ 2-1  2-0 

Interval  between  external  angles  of  occipital  condyles 6'0  5*3 

Extreme  length  of  cranium,  following  curves  of  upper  surface  ....  33'0 

Greatest  width  at  orbits 10’4  10'6 

Width  of  nasals  6'0 

PI.  IV.,  fig.  4.  s P.  xi. 


1 This  skull  is  figured  on  a small  scale  on  page  28  of  the  “ Ward  series  of  casts  of  Fossils.”  Rochester,  N.  Y.  1866. 

It  is  stated  in  the  above  mentioned  note  of  Dr.  Falconer  that  this  species  certainly  had  an  upper  incisor ; no 

trace  of  such,  however,  is  seen  in  the  skull  on  which  the  note  is  based. 
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These  measurements  show  that  the  three  skulls  have  almost  precisely  the  same 
dimensions  ; indeed,  almost  the  only  exception  occurs  in  the  occipital  condyles,  which 
appear  smaller  in  one  of  Ealconer’s  spcimens ; this,  however,  is  very  probably  due 
to  their  having  been  injured. 

Upper  molars. — In  plate  VIII  of  this  volume  there  is  figured  the  upper  molar 
dentition  of  the  right  side  of  the  skull  described  above,  drawn  of  two-thirds  the  na" 
tural  size,  from  the  cast  in  the  Indian  Museum.  These  teeth  have  already  been  shortly 
noticed  on  page  30  of  the  first  volume  of  this  work ; but  as  they  are  now  figured  for 
the  first  time,  they  may  be  described  somewhat  more  fully.  In  reference  to  these 
teeth  the  note  of  Ealconer’s,  already  referred  to,  published  in  the  “ Palaeontological 
Memoirs  ” must  be  cited  ; it  is  as  follows  : — “The  molars  are  in  fine  condition,  six  on 
either  side.  The  last  true  molar  is  only  just  touched  by  wear.  The  last  true  molar 
is  exactly  like  [that  of]  R.  liemitcechus,  in  having  a posterior  basal  funnel-shaped 
pit ; while  the  penultimate  and  ante-penultimate  true  molars,  and  the  penultimate 
and  ante-penultimate  premolars,1  have  each  three  distinct  fossettes  as  in  Rhinoceros 
tichorhinus.  The  vertical  ridges  of  the  outer  side  are  very  well  pronounced  in  three 
valleys  ( sic.)’> 

This  note  gives  a fair  general  idea  of  the  characters  of  the  teeth  in  question. 
The  three  anterior  teeth  (pm.  2,  pm.  3,  pm.  4)  are  shown  to  be  premolars,  from  the 
fact  of  the  last  of  them  being  less  worn  than  the  first  true  molar  (m.  1).  The  first 
premolar  (or  ? milk-molar)  has  probably  been  broken  off  subsequently  to  the  death 
of  the  animal,  as  its  ‘ fangs  ’ are  still  visible.  The  teeth  belong  to  that  form  we  have 
agreed  to  call  the  ‘ Indian  type.’  The  ‘dorsal’  surface  of  each  tooth  is  approximately 
straight,  and  carries  two  very  distinct  vertical  ridges  or  ‘ costse.’  In  the  first  true 
molar  the  hind-most  of  these  ridges  is  much  smaller  than  the  other ; in  the  second 
molar  this  ‘ costa  ’ has  nearly,  and  in  the  last  quite,  disappeared ; there  is  no  trace  of  a 
‘ buttress  ’ at  the  an tero- external  angle  of  the  crown.  The  ‘ crochet  ’ and  the  ‘ comb- 
ing-plate  ’ are  united,  and  enclose  between  them  an  * accessory  fossette,’  as  is  well 
exhibited  in  the  first  and  second  true  molars  (m  1.  m2).  The  last  true  molar  of  the 
left  side  shows  at  its  posterior  angle  a minute  in-folding  of  the  enamel,  repre- 
senting the  ‘ posterior  valley  ’ of  the  earlier  teeth.  A similar  fold  has  already  been 
shown  to  exist  in  the  corresponding  tooth  of  R.  sivalensis  and  R.  javanicus,  and  is, 
therefore,  not,  as  one  might  be  led  to  suppose  from  Dr.  Ealconer’s  note,  peculiar  to 
the  present  species  and  R.  leptorhinus  {Jiemitcechus) . 

The  dimensions  of  the  molars  of  this  specimen  are  as  follows  : — 


Length  of  second  premolar l-75 

Width  of  „ „ .2-1 

Length  of  third  „ 2'0a 

Width  of  „ „ 2-4 

Length  of  fourth  „ 21 

Width  of  „ „ 2‘5 

Length  of  first  true  molar 2’4 


1 In  the  “ Palaeontological  Memoirs ” the  word  “milk-molars  ” occurs  here;  this  is  clearly  a slip  of  the  pen  in  Dr. 
Falconer 's  note-book,  and  has  accordingly  been  altered. 
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Width  o£  first  true  molar 3*1 

Length  of  second  „ . 2’7 

Width  of  „ „ 3-3 

Length  of  third  „ .....■•*•••  275 

Width  of  „ „ , . : 2 9 (?) 


The  detached  specimen  of  the  last  upper  true  molar  figured,  of  half  the  natural 
size,  in  plate  LXXII,  fig.  7,  of  the  “ Eauna  Antiqua  Sivalensis,”  I have  compared, 
by  means  of  a cast,  with  the  corresponding  tooth  in  the  set  before  us,  and  I find  that 
the  two  are  identical  in  form.  The  detached  specimen  seems  rather  the  larger  of 
the  two,  but  this  is,  at  all  events  partly,  due  to  the  other  not  being  fully  protruded. 
The  length  of  the  detached  specimen  is  3 2,  its  width  3T,1  and  its  height  3T 
inches.  This  tooth  shows  very  clearly  the  pit  at  the  posterior  angle.  The  tooth 
drawn  in  figures  12  and  12a  of  plate  LXXY  of  the  “Eauna  Antiqua  Sivalensis  ” • 
seems  to  be  another  view  of  the  same  specimen. 

A specimen  of  the  first  or  second  upper  true  molar,  represented  in  figure  6 of 
plate  LXXII  of  the  same  work,  is  stated  in  the  description  of  the  plate  to  have  a 
length  of  2 3 and  a width  of  3*4  inches.  The  dimensions  taken  from  the  figure, 
however,  would  give  a length  of  3*6  and  a width  of  about  3 inches.  Similarly,  the 
dimensions  of  the  specimen  drawn  in  figure  11-  of  plate  LXXY  of  the  same  work 
would  have  a length  of  4 and  a width  of  3 inches ; this  specimen  is,  however, 
restored,  and  the  length  is  probably  excessive.  These  two  molars,  if  drawn  to 
correct  scale,  would  indicate  that  they  belonged  to  a larger  skull  than  the  one  above 
described.  In  general  characters  these  teeth  seem  to  agree  with  the  true  molars 
figured  here ; they,  however,  possess  a more  complex  £ crochet,’  which  bifurcates 
at  its  extremity. 

• Comparisons. — Having  now  shortly  noticed  the  main  characters  of  the  skull 
and  upper  molars  of  R.  platyrhinus , -we  may  endeavour  to  see  with  what  other 
species  of  the  genus  it  presents  affinities.  In  this  respect  we  shall  of  course  have 
to  deal  only  with  two-horned  species. 

With  R.  sumatrensis , the  skull  of  R.  platyrhinus  presents  no  affinities,  since 
the  teeth  of  the  two  are  constructed  on  totally  distinct  plans,  and,  as  we  have 
already  seen,  differ  in  regard  to  the  relations  of  their  inferior  squamosal  processes.. 
The  miocene  R.  schleiermacheri  is  likewise  distinguished  by  the  form  of  its  teeth, 
which  are  constructed  after  the  Sumatran  type. 

Among  the  European  bicorn  species  of  the  pliocene  and  pleistocene,  in  R. 
etruscus,  R.  leptorhinus  (Owen),  and  R.  megarhinus,  the  upper  true  molars,  which 
seem  to  conform  to  what  we  have  called  the  £ intermediate  type,’  do  not  usually 
present  an  £ accessory  f ossette  ’ on  the  worn  crown,  the  £ eombing-piate  ’ being  either 
absent  or,  if  present,  not  reaching  the  £ crochet.’  R.  tichorhinus  agrees  the  most 
nearly  of  all  these  European  species  with  R.  platyrhinus,  having  two  horns,  and 
upper  molars  constructed  on  the  same  general  plan,  with  an  c accessory  f ossette.’ 
The  cranium  of  the  European  form  is,  however,  broadly  distinguished  by  the  presence 


This  dimension  is  given  by  Falconer  as  2'8  inches. 
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of  the  nasal  4 cloison,5  of  which  there  is  no  trace  in  the  Indian  fossil.  The  true 
molars  of  the  two  forms,  though  presenting  great  general  resemblances,  as  far  as 
I can  judge,  are  distinguished  by  the  fact  that  in  the  Indian  species  the  entrance 
to  the  c median  valley 9 is  open  nearly  to  its  base,  whereas  in  the  European  it  is 
blocked  by  a c pass,9  joining  the  bases  of  the  two  c colies 9,  sometimes  for  a distance 
of  nearly  half  their  height. 

The  living  African  rhinoceroses  are  distinguished  by  the  abortion  of  the  pre- 
maxillae,  from  the  present  species,  in  which  they  are  well  developed.  In  the  true 
molars  of  R.  bicornis  an  4 accessory  fossette 9 is  not  normally  present.  In  R.  simus 
the  peculiar  blunted  form  of  the  nasals  is  a very  distinguishing  character.  Erom 
R.  pachygnathus  of  the  European  miocene,  the  present  species  is  distinguished  by 
the  characters  of  the  upper  molars,  those  of  the  former  not  presenting  an  4 accessory 
fossette9  d the  upper  molars  of  the  Indian  JR.  deccanensis  of  the  pleistocene, 
probably  also  a bicorn  form,  present  no  close  resemblance  to  those  of  the  present 
species. 

Upper  milk-molars. — In  figure  4 of  plate  YII  there  are  represented  two  small 
upper  molars  of  a rhinoceros  from  the  left  side  of  the  jaw.  The  figure  is  taken 
from  the  cast  of  two  teeth  in  the  British  Museum,  where  they  are,  I believe, 
labelled  as  milk-molars  of  JR.  palceindicus : they  were  obtained  from  the  Siwaliks. 
Erom  the  small  size  of  these  teeth,  together  with  their  general  form,  there  can  be 
no  doubt  but  that  they  belong  to  the  milk-molar  series ; while  from  the  considera- 
tions advanced  in  treating  of  the  milk-molars  assigned  above  to  R.  sivalensis,  they 
must  be  respectively  the  second  and  third  of  that  series. 

The  anterior  tooth  (mm.  2)  is  of  somewhat  irregular  form,  as  is  generally  the 
case  with  the  early  milk-molars,  and  carries  a bold  4 costa 9 opposite  the  entrance  to 
the  ‘median  valley.9  The  hinder  tooth  (mm.  3)  is  of  the  regular  form,  and  carries 
a distinct  4 costa 9 opposite  each  of  the  4 colles  ’,  the  anterior  being  the  most  developed. 
Both  teeth  exhibit  clearly  the  presence  of  a large  ‘crochet9  and  a 4 combing-plate, 
which  unite  to  form  an  ‘accessory  fossette.9  There  are  also  rudiments  of  additional 
4 combing-plates.’  A 4 cingulum  9 is  present  on  the  anterior  surface  of  each  tooth. 
The  entrance  to  the  4 median  valley  ’ is  perfectly  free  and  open,  without  any  trace 
of  a ‘pass.9 

The  large  size  of  the  4 combing-plate 9 and  its  distinct  union  with  the  4 crochet 9 
to  cut  off  a very  large  4 accessory  fossette9,  in  both  these  teeth,  sufficiently  distin- 
guishes them  from  the  milk-molars  referred  above,  respectively,  to  R.  sivalensis 
(pi.  VI,  fig.  2),  R. palceindicus  (pi.  YII.,  fig.  3),  and  Acerotherium  perimense  (pi.  Ill, 
fig.  2).  There  is,  therefore,  every  presumption  that  they  should  be  referred  to 
R.  platyrhinus , a presumption  rendered  almost  a certainty  by  the  agreement  in  the 
general  characters  of  these  teeth  with  those  of  the  true  molars  of  that  species. 

This  provisional  reference  has  a bearing  on  a tooth  described  and  figured  in  the 
previous  volume  of  this  series  (pi.  YI,  fig.  10).  In  describing  that  specimen 

1 See  “ Animaux  Fossiles  et  Geologie  de  l’Attique,”  plate  XXVII,  fig  2. 
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(p.  46),  it  was  considered  that  it  belonged  to  the  premolar  series,  and  it  was  hence 
concluded  that  it  could  not  belong  to  R.  platyrhinus , though  it  was  shown  that  it 
presented  the  general  characters  of  the  true  molars  of  that  species.  In  the  subse- 
quently issued  preface  to  the  first  volume  (p.  xii),  it  was  stated  that  this  tooth  was 
probably  an  anterior  milk-molar  of  R.  platyrhinus.  A comparison  of  the  figure 
with  that  of  the  teeth  considered  to  be  the  milk- molars  of  that  species  will  show 
that  the  single  tooth  agrees  so  closely  with  the  second  milk-molar  that  the  two  are 
doubtless  homologous.  The  detached  tooth  is  somewhat  more  produced  antero-poste- 
riorly,  but  this  cannot  be  considered  as  a character  of  more  than  individual  value. 
Besides  the  last  specimen,  there  is  another  specimen  of  a right  upper  milk-molar  of 
a Siwalik  rhinoceros  in  the  Indian  Museum,  numbered  S.  854  in  Dr.  Ealconer’s 
“ Catalogue  of  the  Eossil  Yertebrata  of  the  Asiatic  Society  of  Bengal.”  This  tooth 
agrees  precisely  with  the  third  upper  milk-molar  (mm.  3)  referred  above  to  R.  platy- 
rhinus, and  must  be  the  corresponding  tooth  of  the  opposite  side. 

The  dimensions  of  the  four  above-described  milk-molars  are  as  follows ; the 
dimensions  of  the  casts  of  the  British  Museum  specimens  are  given  in  the  first 
column  and  those  of  the  Indian  Museum  specimens  in  the  second : — 


Length  of  second  milk-molar . 1'7  . 1*6 

Width  of  „ „ „ . 1-4  1-4 

Length  of  third  „ „ . 2‘0  1*94 

Width  of  „ „ „ . 2-0  1-91 


A comparison  of  these  milk-molars  with  the  corresponding  teeth  of  the  Euro- 
pean R.  tichorhinus  shows  that  the  latter  are  distinguished  by  the  presence  of  a dis- 
tinct ‘ pass 5 at  the  entrance  to  the  ‘ median  valley.5  In  this  respect,  therefore,  the 
milk-molars  of  the  two  species  agree  with  the  true  molars. 

Mandible . — The  reasons  for  the  provisional  assignation  of  the  mandible  re- 
presented in  figure  6 of  plate  LXXIY  of  the  “ Eauna  Antiqua  Sivalensis  ” under 
the  name  of  R.  sivalensis  to  the  present  species  have  already  been  given  at  length 
when  treating  of  that  species. 

The  specimen  as  figured  shows  that  the  premolars  extend  up  to  the  extremity 
of  the  part  of  the  symphysis  remaining,  thereby  giving  the  jaw  very  much  the 
appearance  of  the  mandibles  of  the  African  rhinoceroses.  Erom  the  description  of 
the  plate,  however,  it  may  be  inferred  that  the  extremity  of  the  symphysis  has  been 
broken  off.  Now,  since  we  have  already  seen  that  the  premaxillse  of  R.  'platyrhinus 
(in  common  with  other  Siwalik  rhinoceroses)  are  well  developed,  I infer  that  the 
extremity  of  the  mandible,  when  complete,  was  produced  into  a e spatula  ’ beyond 
the  premolars.  Its  original  form  was  probably  very  like  that  of  the  mandible  of 
the  extinct  European  R.  etruscus,1  in  which  the  anterior  premolars  are  situated 
above  the  hinder  part  of  the  symphysis,  and  still  have  the  spatulate  portion  in  ad- 
vance of  them. 

The  specimen  under  consideration  has  lost  the  hinder  portion  of  each  ramus, 
1 “ Pal.  Mem.,”  Vol.  II,  pi.  XXVII,  fig.  3. 
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and  shows  the  three  last  premolars  and  the  first  and  second  true  molars.  Its  dimen- 


sions are  as  follows  as  given  by  Ealconer  : — ■ 

Length  of  fragment  9-4 

„ of  existing  portion  of  symphysis  . 3’1 

„ of  five  molars 7'0 

Width  between  2nd  true  molars 2"7 

„ „ premolars  2-0 

Greatest  depth  of  ramus  3’6 

Thickness  of  ramus . . 2'0 

Length  of  second  premolar 1'2 

Width  of  „ „ 0-75 

Length  of  third  1*2 

Width  of  „ „ l’O 

Length  of  fourth  1‘7 

Width  of  „ | 1-15 

Length  of  first  true  molar l-6 

Width  of  „ „ 1:3 

Length  of  second  „ 1’9 

Width  of  „ „ 1-36 


These  dimensions  show  that  this  mandible  must  have  belonged  to  a smaller 
individual  than  the  cranium  described  above : the  one  may  have  belonged  to  a 
female  and  the  other  to  a male. 

Young  mandible. — In  figure  5 -of  plate  NVI  of  the  memoir  of  Messrs.  Baker 
and  Durand,  already  cited,  there  is  engraved  the  symphysis  of  the  mandible  of  a 
rhinoceros,  which  is  stated  in  the  text  to  contain  four  molars,  the  last  of  which  is 
unworn ; as  there  are  no  earlier  teeth,  it  is  presumed  that  they  belong  to  the  milk- 
molar  series.  These  teeth  extend  nearly  up  to  the  present  end  of  the  symphysis, 
the  tip  of  which  is  stated  to  have  been  broken  away.  Unfortunately  the  posterior 
extremity  of  the  symphysis  is  not  shown  in  the  figure,  it  being  probably  not  cleared 
from  matrix.  The  extension  of  the  early  part  of  the  molar  series,  far  on  to  the 
symphysis,  seems  to  show  that  this  jaw  is  of  the  same  type  as  the  one  described 
above,  and  that  when  complete  it  was  produced  into  an  edentulous  spatulate 
extremity.  The  dimensions  of  the  specimen  are  not  given. 

The  last  milk-molar  in  this  specimen,  as  noticed  by  its  describers,  is  remarkable 
for  bearing  an  isolated  pillar  in  its  posterior  crescent.  In  this  character  it  agrees 
with  a lower  molar  of  a rhinoceros  figured  in  plate  VI,  figure  7 of  the  first  volume 
of  this  work.  That  specimen  belongs  to  a fragment  of  the  right  ramus  of  the  man- 
dible containing  a similar  but  larger  tooth.  The  figured  tooth  was  considered  in  the 
first  volume  to  be  a true  molar,  but  from  its  agreement  with  Messrs.  Baker  and 
Durand’s  specimen  it  would  seem  to  be  a milk-molar,  as  was  considered  to  be  the 
case  by  Dr.  Ealconer.  The  symphysis  of  this  jaw  is  not  shown,  but  it  does  not 
seem  likely  that  it  could  have  extended  backwards  as  far  as  the  figured  tooth. 
In  figure  5 of  the  same  plate  of  Messrs.  Baker  and  Durand’s  memoir,  there  is 
figured  the  fragment  of  the  left  ramus  of  a young  mandible,  stated  to  contain  the 
third  and  fourth  milk-molars,  each  of  which  presents  a similarly  isolated  pillar  in  the 
posterior  crescent.  This  specimen,  however,  seems  to  show  pretty  clearly  that  these 
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teeth  were  placed  behind  the  symphysis,  and  accordingly  this  jaw  would  seem  to 
belong  to  a distinct  species  from  the  other  specimen  with  similar  teeth  figured  by 
the  same  writers.  Hence  it  would  appear  that  the  presence  of  the  isolated  pillar  in 
the  posterior  crescent  may  appear  in  the  lower  milk-molars  of  more  than  one  species 
and  that  it  cannot  be  regarded  as  of  specific  value.  The  first  specimen  figured  by 
Messrs.  Baker  and  Durand  probably  belongs  to  It.  platyrhinus , the  second  and  also 
the  specimen  figured  in  the  first  volume  of  this  series  cannot  be  specifically  deter- 
mined. 

Sub-generic  position  of  the  species. — If  all  the  remains,  provisionally  referred 
above  to  JRhinoneros  platyrhinus  be  correctly  determined,  it  would  seem  probable 
that  that  species  belonged,  like  the  four  bicorn  species  of  the  European  pliocene  and 
pleistocene,  to  a modification  of  the  group,  sub-genus,  or  genus  Atelodus,  the  typical 
members  of  which  are  the  living  African  rhinoceroses,  and  the  extinct  It.  pachygna- 
thus  of  the  Pikermi  beds,  and  to  which,  in  all  probability,  the  Indian  pleistocene 
species,  It.  deccanensis,  should  be  referred. 

If,  on  the  other  hand,  Ealconer’s  reference  of  a mandible,  furnished  with  two 
pairs  of  incisors,  to  this  species  be  correct,  it  will  then  belong  to  the  group  Gerato - 
rhinus.  Very  strong  reasons  have,  however,  been  already  advanced  against  this 
reference. 

Distribution. — As  far  as  I am  aware,  remains  of  this  species  have  only  been 
found  in  the  typical  Siwaliks  near  the  Ganges  and  Jamna. 

Undetermined  Remains. 

Limb-bones. — A large  series  of  limb-bones  of  rhinoceroses  from  the  Siwaliks 
is  contained  in  the  collection  of  the  Indian  Museum,  but  as  I have  at  present 
been  unable  to  refer  them  to  their  respective  species,  it  would  be  useless  to  notice 
them  further  on  this  occasion.  It  may,  however,  be  observed  that  even  if  we 
had  not  the  evidence  of  the  teeth  and  skulls  described  above,  the  existence  of  at 
least  three  Siwalik  species  of  rhinoceros  could  have  been  predicated  from  the 
evidence  of  certain  of  the  limb-bones,  such  as  the  astragalus. 

Lower  molars. — The  extreme  difficulty,  or  even  impossibility,  of  generally 
distinguishing  species  of  fossil  rhinoceros  from  the  evidence  of  detached  lower  molars 
has  already  been  commented  upon.  In  certain  instances,  however,  there  are  pecu- 
liarities which  serve  to  distinguish  these  teeth  from  the  ordinary  forms. 

Such  an  instance  is  afforded  by  the  lower  molar  from  the  Siwaliks  of  Kushal- 
ghar  in  the  Punjab,  represented  in  figure  3 of  plate  VI  of  the  preceding  volume. 
This  tooth  is  characterised  by  a distinct  wall  on  the  inner  side  of  the  e posterior  valley.’ 
No  such  wall  is  found  in  the  lower  molars  of  any  of  the  species  described 
above,  and  unless  this  character  be  an  abnormality,  it  seems  probable,  as  stated  in 
the  first  volume,  that  this  tooth  must  belong  to  a fifth  species  of  Siwalik  rhinoceros. 
It  must,  however,  be  observed  that  in  a mandible  of  It.  javanicus,  in  my  own  pos- 
session, the  second  premolar  on  the  left  side  only  shows  a wall  in  the  anterior 
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crescent,  very  similar  to  that  occurring  in  the  posterior  crescent  of  the  figured 
specimen. 

With  the  exception  of  the  latter  tooth,  it  has  now  been  shown  that  none  of 
the  described  teeth  of  Siwalik  rhinoceroses  known  to  me  can  he  said  with  any 
degree  of  certainty  to  belong  to  any  but  the  named  species. 

Tibetan  species. — In  the  “ Eauna  Antiqua  Sivalensis”1  are  figured  certain 
limb-bones  of  a fossil  rhinoceros  from  the  Hundes  plain  in  Tibet.  In  Royle’s 
“ Illustrations  of  the  Botany,  &c.,  of  the  Himalaya  Mountains,  ”2  there  is  also 
figured  a specifically  undeterminable  fragment  of  an  upper  molar  of  the  same 
genus.  It  was  formerly  considered  that  these  Hundes  deposits  were  the  equivalents 
of  the  Siwaliks,  but  in  a recent  paper  by  myself3  it  has  been  shown  that  they  are 
probably  of  pleistocene  age.  The  fossil  rhinoceros  obtained  from-  them  does  not 
therefore  come  within  the  scope  of  the  present  memoir.  It  may,  however,  be  added 
that  it  would  be  a matter  of  the  highest  interest  to  obtain  specimens  of  the  skull 
or  complete  upper  molars  of  the  Hundes  rhinoceros,  in  order  to  see  whether  it  was 
most  nearly  related  to  the  Siwalik  or  the  living  species. 

Remarks  on  the  Pedigree  oe  the  Indian  Species  of  Rhinoceros. 

In  his  admirable  work,  entitled  “Les  Enchainements  du  Monde  Animal,” 
to  which  reference  has  so  frequently  been  made  in  the  preceding  pages,  Professor 
Albert  Gaudry  has  devoted  a chapter  to  the  pedigree  of  the  Rhinocerotidce,  both 
generically  and  specifically.  It  has  there  been  shown  that  Acerotherium  connects 
the  more  highly  specialised  genus  Rhinoceros  with  the  older  generalised  forms  of 
Perissodactyla,  and  that  traces  of  this  connection  are  retained  in  the  former  genus  by 
the  small  development  of  the  nasals,  and  by  the  presence  of  the  ‘ cingulum  ’ on  the 
lower  molars.  In  the  preceding  pages  of  this  volume  it  has  likewise  been  shown  that 
the  molars  of  the  large  Indian  unicorn  rhinoceros,  and  those  of  similar  pattern,  belong 
to  the  most  specialised  and  modern  type,  while  those  of  Acerotdierium  belong  to  the 
simplest  type  found  in  the  family. 

With  regard  to  the  evolution  of  the  species,  Professor  Gaudry  has  commented 
upon  the  resemblance  of  Rhinoceros  pachygnathus  of  the  Pikermi  beds,  to  the 
living  African  forms,  and  both  that  writer  and  Professor  Elower  4 have  noticed, 
the  points  of  connection  between  R.  schleiermacheri  of  the  European  miocene  and 
the  living  R.  sumatrensis  (and  (?)  lasiotis).  In  the  following  paragraphs  a few 
remarks,  more  especially  bearing  on  the  evolution  of  the  Indian  forms,  will  be  added. 

With  regard  to  the  unicorn  species,  very  strong  evidence  has  been  adduced 
to  show  that  R.  javanicus  is  probably  the  descendant  of  R.  sivalensis.  In  the 
case  of  R.  indicus.  it  has  been  shown  in  the  preface  to  the  first  volume  that  teeth 
obtained  from  the  pleistocene  deposits  of  the  Narbada  valley  are  practically 
indistinguishable  from  those  of  the  living  form,  and  the  two  have  accord- 

1 PI.  LXXVI,  figs.  9,  10.  2 PI.  HI,  fig.  3,  copied  in  fig.  9,  of  above-quoted  plate  in  ‘ F.  A.  S.  ’ 

1 R.  G.  S.  I.,  Yol.  XIV,  p.  178.  4 Loe.  cit.,  p.  456. 
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ingly  been  provisionally  identified ; it  fs,  however,  very  nrucli  to  be  desired  that 
the  cranium  of  the  Narbada  form  may  some  day  be  obtained  in  order  to  see 
whether  there  may  be  any  difference  between  it  and  the  living  form.  Of  the 
rhinoceroses  of  the  pliocene  (Siwalik),  no  form  can  be  decidly  fixed  upon  as  the 
direct  ancestor  of  R.  indicus } The  Siwalik  R.  palceindicus,  however,  if  all  the 
remains  assigned  to  it  above  be  correctly  referred,  agrees  with  the  large  living  Indian 
species  in  being  unicorn,  and  also  in  the  form  of  the  mandible  and  the  number  of 
its  lower  incisors.  In  the  form  of  its  upper  true  molars  this  species,  moreover,  makes 
an  approach  to  the  living  species,  since  its  teeth  lack  the  distinct  ‘ buttress 5 at  the 
antero-external  angle,  so  characteristic  of  the  teeth  of  the  Sumatran  type.  There  is 
no  £ combing-plate  ’ in  the  true-molars  of  JR.  palceindicus,  the  presence  of  which  is  such 
a characteristic  feature  in  those  of  R.  indicus  : the  want  of  this  process  in  the  earlier 
form  might,  however,  be  readily  explained  by  evolution,  as  it  never  occurs  in  molars 
of  the  Sumatran  type,  to  which  those  of  all  the  species  of  Acer  other  ium  belong. 
In  the  above  respects  the  upper  molars  of  R.  palceindicus  are  exactly  intermediate 
in  character  between  those  of  the  Sumatran  or  Acerotherian  type,  and  those  of 
R.  indicus,  and  it  has  accordingly  appeared  to  me  not  improbable  that  R.  palceindicus 
may  belong  to  the  stirps  from  which  the  living  species  has  been  derived,  though  the 
line  of  descent  may  not  have  been  directly  through  the  former. 

We  now  come  to  the  consideration  of  the  living  bicorn  Indian  species 
R.  sumatrensis,  which  with  R.  lasiotis"  is  the  modern  representative  of  the  group 
Ceratorliinus.  Professor  Flower  has  shown  in  what  respects  the  European  miocene 
R.  scleiermacheri,  which  belongs  to  the  same  group,  resembles  and  differs  from  the 
living  species.  The  latter  is  distinguished  from  the  former  by  the  non-union  of  the 
post-glenoid  and  post-tympanic  processes  of  the  squamosal  below  the  meatus 
auditorius ; it  is  also  further  distinguished  by  the  presence  of  one,  in  place  of  two 
pairs,  of  incisors  in  both  upper  and  lower  jaws.  As  is  observed  by  Professor  Elower,3 
the  difference  in  the  number  of  the  teeth  of  the  two  forms  is  in  accordance  with 
the  hypothesis  of  the  evolution  of  the  one  from  the  other,  being  a progress  from  the 
general  to  the  special.  The  relations  of  the  squamosal  processes  point,  however, 
exactly  in  the  opposite  direction,  being  from  the  special  to  the  general,  and  it  is  ac- 
cordingly very  hard  to  see  how  the  miocene  can  be  the  direct  ancestor  of  the  recent 
species.  The  general  form  of  the  skulls  and  mandibles  of  the  two  forms,  as  is  noticed 
by  Professor  Gaudry,4  is,  however,  so  very  similar  that  it  seems  probable  they  are 
closely  related.  Both  species  may  have  been  derived  from  a common  stock,  from 
which  R.  scleiermacheri  branched  off  at  an  earlier  period,  the  direct  progenitor  of 
R.  sumatrensis  being,  according  to  this  view,  still  unknown. 

1 On  page  55  of  the  first  volume  of  this  work  it  was  suggested,  perhaps  somewhat  hastily,  that  B.  indicus  was 
descended  from  B.  platyrhinus : the  re-determination  of  the  mandible  of  the  latter,  apart  from  the  horn-question 
shows  that  this  idea  cannot  be  entertained. 

2 B.  lasiotis,  if  it  be  more  than  a variety  of  B.  sumatrensis,  is  not  distinguished,  as  far  as  is  known,  by  any 
peculiar  dental  or  osteological  characters. 

3 Loc.  cit.,  page  456.  4 Loc.  cit.,  pp.  44-45. 
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With  regard  to  R.  platyrhinus,  theref  is  some  difficulty  in  deciding  to  which 
group  of  the  genus  it  should  he  referred.1  If  the  lower  jaw  assigned  to  it  in 
this  work  really  belong  to  it,  it  would  appear,  as  said  above,  that  the  species  must 
be  a modified  form  of  the  Atelodus  group,  to  which  belong  the  living  African 
rhinoceroses,  the  Pikermi  R.  pachygnathus,  and,  as  modified  forms,  the  four  newer 
pliocene  and  pliestocene  British  bicorn  species.  The  Indian  form  had  not  the 
aborted  premaxillse  of  the  Pikermi  and  African  species,  and  is  further  distinguished 
from  the  two  latter  by  the  union  of  the  inferior  squamosal  processes  ; it  is,  therefore, 
difficult  to  imagine  this  species  to  have  been  a direct  ancestor  of  either  of  the  living 
African  forms.  In  the  form  of  its  upper  molars  R.  platyrhinus  agrees  very  closely 
with  R.  simus.  Similarly  the  upper  molars  of  R. pachygnathus  approach  those  of  the 
African  R.  hicornis  ; but  the  same  difference  in  the  relations  of  the  inferior  squamosal 
processes  occurs  in  these  species.  In  both  instances,  however,  the  general  similarity 
of  the  form  of  the  skulls  would  seem  to  indicate  some  kind  of  relationship  between 
these  four  species  as  respectively  coupled ; the  precise  nature  of  this  relationship, 
however,  cannot  at  present  be  more  closely  pointed  out. 

The  pleistocene  Indian  R.  deccanensis,  judging  from  the  shape  of  its  mandible, 
as  already  said,  would  also  seem  to  be  a bicorn  form,  belonging  to  a modification  of 
Atelodus.  Erom  the  shape  of  its  mandible,  the  species  shows  resemblance  to  the 
British  fossil  forms  of  the  group ; but  the  structure  of  its  upper  molars  indicates 
affinity  with  older  forms  of  the  family. 

Nothing  can  be  predicated  as  to  the  subsequent  history  of  the  Indian  form 
known  as  Acerotherium  perimense. 

List  of  the  more  important  recent  memoirs  and  notices  hearing  on  the  osteology  and 
paleeontology  of  Acerotherium  and  Rhinoceros  consulted  in  the  writing  of  the 
foregoing  memoir. 

Baker,  W.  E.,  and  Durand,  H.  M. 

“ Sub-Himalayan  Eossil  Remains  of  the  Dadupur  Collection.”  c Jour.  As.  Soc.  Bengal, 3 
Yol.  Y,  p.  486. 

Blainville,  De. 

“ Osteographie.”  Genus  Rhinoceros.  Paris,  1834. 

Blythe,  E. 

“ A memoir  on  the  living  Asiatic  species  of  Rhinoceros.”  £ Jour.  As.  Soc.  Bengal, 3 
Yol.  XXXI,  p.  151. 

“ Letter  respecting  R.  crossi  (Gray) .”  ‘ P.  Z.  S. ' 1861,  p.  306  (shows  R.  crossi  = R.  suma- 
trensis ) . 

Brandt,  J.  F. 

“ Ohservationes  ad  Rhinocerotis  tichorhini  historiam  spectantes.”  ‘ Mem.  d.  Acad.  Imp. 
d.  Sci.  d.  S.  Petersburg 3 7th  ser.,  Yol.  V,  pi.  XXIV. 

1 Professor  Flower  ( loc . cit.,  p.  457),  in  noticing  the  Siwalik  species  of  rhinoceros,  appears  to  have  forgotten  the 
existence  of  this  form,  as  he  talks  of  all  the  Siwalik  species  being  unicorn,  and  referrible  to  the  restricted  group 
Rhinoceros. 
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“ On  the  fossil  remains  of  two  new  species  of  Mastodon,  and  of  other  vertehrated  animals 
found  on  the  left  hank  of  the  Irawadi.”  1 Trans.  G.  Soc./  2nd  ser.,  Vol.  II,  p.  369. 
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Croizet  et  Jorert. 

“ Reeherches  sur  les  Ossements  Fossiles,  etc.”  Cap.  IV,  Paris,  1828. 

Cuvier,  G. 

“ Ossements  Fossiles”  and  “ Le  Regne  Animal.”  Paris,  ed.  var. 

Dawkins,  W.  B. 

“ On  the  classification  of  the  Tertiary  Period  by  means  of  the  Mammalia.”  ‘ Q.  J.  G.  S./ 
Vol.  XXXVI,  p.  379. 

“ On  the  dentition  of  Rhinoceros  etruscus  (Falc.).”  Ibid,  Vol.  XXIV,  p.  207. 

“ On  the  dentition  of  Rhinoceros  leptorhinus  (Owen.).”  Ibid,  Vol.  XXIII,  p.  213. 

“ On  the  dentition  of  Rhinoceros  megarhinus .”  ‘ Nat.  Hist.  Rev/  1865,  p.  399. 

“On  the  molar  series  of  Rhinoceros  tichorhinus.”  Ibid,  1863,  p.  525. 

" On  the  Rhinoceros  leptorhinus  of  Owen.”  ‘Proc.  Roy.  Soc./  April  1866. 

Drummond,  W.  H. 

“On  the  African  Rhinoceroses.”  ‘ P.  Z.  S/  1876,  p.  109. 

Duvernoy,  H. 

“Nouvelles  Etudes  sur  les  Rhinoceros  Fossiles.”  c Arch.  d.  Mus.  d’Hist.  Nat./  Vol.  VII, 
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Falconer,  H. 

“ On  the  European  Pliocene  and  Post-Pliocene  species  of  the  genus  Rhinoceros.”  “ Palaeon- 
tological Memoirs,”  Vol.  II,  p.  309. 
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“ On  the  Fossil  Rhinoceros  of  Central  Tibet;  and  its  relation  to  the  recent  upheaval  of  the 
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Falconer,  H.,  and  Cautley,  P. 

“ Fauna  Antiqua  Sivalensis.” 
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- SUPPLEMENT  TO  SIWALIK  AND  NARBADA  PROBOSCIDIA. 

By  B.  LYDEKKER,  B.A.,  F.Z.S, 

GEOLOGICAL  STTEYEY  OF  INDIA, 


Dinotherium  indicum,  Falconer. 

Introductory. — Since  the  publication  of  the  notice  of  the  remains  of  this 
species  in  the  Indian  Museum  in  the  first  volume  of  this  work,1  two  additional 
specimens  have  been  temporarily  acquired  by  the  museum,  which  are  of  such  import- 
ance as  to  merit  a short  notice  here,  although  it  is  unnecessary  to  give  figures  of 
them.  The  specimens,  which  were  obtained  from  the  Siwaliks  of  Perim  Island, — 
the  source  of  the  specimens  on  which  the  species  was  founded — belong  to  the  Bombay 
Branch  of  the  Royal  Asiatic  Society,  to  the  courtesy  of  the  Council  of  which  body 
the  author  is  indebted  for  the  opportunity  of  noticing  them  here  : they  have  been 
already  briefly  alluded  to  in  the  ‘Records’  of  our  Survey.2  The  specimens  comprise 
a portion  of  a maxilla,  and  of  a mandible,  and  will  be  noticed  separately. 

Fragment  of  maxilla. — The  fragment  of  a maxilla  consists  of  the  hinder  portion 
of  the  left  side,  containing  the  second  and  third  true  molars,  and  the  base  of  the 
first.  The  teeth  are  of  large  size  and  in  a somewhat  battered  condition : each  tooth 
bears  two  ridges,  and  large  fore-and-aft  talons.  The  dimensions  of  the  teeth  are 
as  follows : — 

Length  of  2nd  molar 3'95 

Width  of  „ 3-8 

Length  of  3rd  „ ' 3 6 

Width  of  „ „ 3-7 

These  dimensions  indicate  an  animal  fully  as  large  as  the  European  F.  giganteum. 
The  size  of  the  teeth  in  the  Perim  specimen  agrees  with  that  of  the  fragmentary 
specimen  represented  in  plate  XXXI,  figure  1,  of  the  first  volume  of  this  work. 

Mandible. — The  fragment  of  the  mandible  consists  of  the  middle  portion  of 
the  right  ramus,  showing  the  first  and  second  true  molars,3  and  the  base  of  the  last 
premolar. 

1 Page  192.  2 Vol.  XIV,  p.  155. 

3 In  the  already  quoted  note  in  the  ‘ Records,’  this  specimen  is  erroneously  stated  to  show  the  two  last,  in  place 
of  the  two  first,  true  molars- 
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The  first  true  molar,  as  usual,  carries  three  ridges,  and  is  oblong  in  form ; the 
second  carries  two  ridges,  and  approximates  more  nearly  to  a square.  In  the  follow- 
ing table  the  dimensions  of  this  mandible  are  compared  with  the  corresponding 
dimensions  of  a cast  of  the  Eppelslieim  skull  of  D.  giganteum : — 

Indian.  European. 


Depth  of  mandible  at  last  premolar  ......  10' 8 8'0 

„ „ second  true,  molar 7'5  6’3 

Width  of  „ „ 7-1  5-5 

Interval  between  base  of  molars  and  foramen  of  mandibular  nerve  . 4'1  2'9 

Length  of  1st  true  molar  » . 3'9  3'5 

Width  of  „ „ . 27  2'65 

Length  of  2nd  ,, . . 3'9  3 55 

Width  of  „ 3 '4  3'3 


Erom  these  measurements  it  will  be  seen  that  the  Perim  jaw  is  altogether  of 
larger  dimensions  than  the  European,  and  further,  that  in  the  former  the  propor- 
tionate increase  of  depth  near  the  symphysis  is  greater  than  in  the  latter.  In  all 
respects  the  jaw  agrees  precisely  with  the  fragment  of  the  left  side  described  by 
Dr.  Ealconer  from  Perim  Island,1  and  the  new  jaw,  therefore,  undoubtedly  belongs 
to  the  same  species.  The  whole  jaw  is  deeper  and  thicker  than  in  D.  giganteum , 
and  thereby,  as  was  pointed  out  by  Dr  Eaconer,  “ approaches  very  closely  the  mas- 
sive and  turgid  form  seen  in  the  typical  mastodons.” 

With  regard  to  the  molars,  it  will  be  seen  that  in  the  Indian  species  the  true 
molars  are  longer  in  proportion  to  their  breadth  than  in  the  European  species.  The 
tooth  from  Sind,  figured  and  described  in  the  first  volume,2  agrees  precisely,  both  in 
dimensions  and  form,  with  the  first  true  molar  of  the  Perim  specimen.  Hence  we  may 
infer,  firstly,  that  the  reference  of  the  Sind  tooth  to  D.  indicum  was  correct ; and, 
secondly,  that  the  proportion  of  the  antero-posterior  and  transverse  axes  of  the  first 
true  molar  is  constant,  and  affords  an  important  distinction  between  the  Indian  and 
European  species. 

Einally,  the  examination  of  this  jaw  from  Perim  Island  strongly  confirms 
the  conclusion  arrived  at  in  the  first  volume  as  to  the  existence  of  three  Indian 
species  of  Dinotherium , distinct  from  their  European  congeners. 


Mastodon  pandionis,  Ealconer. 

Mandibles. — Three  specimens  of  mandibles  of  mastodons  have  come  under  my 
notice  since  the  publication  of  the  first  volume,  two  of  which  certainly,  and  the  third 
probably,  may  be  referred  to  this  species. 

JPerim  Island  specimen. — The  first  specimen  is  another  from  the  Bombay 
Asiatic  Society’s  collection,  and  has  been  already  alluded  to  in  the  ‘ Records.’ 3 The 
fragment  consists  of  the  greater  portion  of  the  right  ramus  of  the  mandible,  contain- 
ing two  molars.  They  each  contain  three  ridges  and  a hind  talon,  and  from  their 

1 ‘ Pal.  Mem.,’  Vol.  1,  p.  404.  * PI.  XXXI,  fig.  2,  p.  194.  3 Loe.  cit. 
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size  seem  to  be  the  first  and  second  true  molars.1  Tbe  teeth  agree  in  general  charac- 
ters precisely  with  those  figured  in  the  first  volume. 

The  dimensions  are  as  follows  : — 

Length  of  1st  true  molar  ......  4' 3 

Width  of  „ „ . ■,  . . •.  2-4 

Length  of  2nd  50 

Width  of  „ „ . . . . . . 2‘6 

The  first  true  molar  agrees  almost  exactly  in  size  with  the  specimen  of  the 
homologous  tooth  described  on  page  219  of  the  first  volume. 

Punjab  specimen.— Another  very  similar  specimen  is  in  the  Lahore  Museum, 
from  the  Siwaliks  of  the  Punjab. 

British  Museum  specimen. — Mr.  William  Davies,  of  the  Palaeontological  Depart- 
ment of  the  British  Museum,  recently  showed  me  a small  fragment  of  the  distal 
extremity  of  the  right  ramus  of  a mandible  of  a young  mastodon,  lately  discovered 
among  some  Siwalik  fossils,  which  is  worthy  of  a short  notice  here.  The  fragment 
(of  which  the  Indian  Museum  has  acquired  a cast)  is  some  five  inches  in  length, 
and  two  in  depth ; it  is  elongated  and  laterally  compressed.  It  shows  the  alveoli  of 
three  teeth  of  the  milk-molar  series.  The  first  of  these  alveoli  is  of  such  small 
dimensions  (f'ths  of  an  inch  in  diameter).*  that  I am  strongly  inclined  to  think  that 
it  contained  the  pre-antepenultimate  milk-molar,  a tooth  only  very  occasionally 
developed  in  the  Proboscidia, 

The  distal  extremity  of  the  specimen  has  been  ground  and  polished,  and 
exhibits  the  transverse  section  of  a small  and  laterally  compressed  milk-tusk. 

Erom  the  elongated  and  laterally  compressed  form  of  this  jaw,  and  from  the 
presence  of  the  tusk,  I agree  with  Mr.  Davies  in  thinking  that  it  should  probably 
be  referred  to  M.  pandionis.  It  would  be  a matter  of  much  interest  to  discover 
whether  four  milk-molars  were  normally  developed  in  this  species,  since  it  is.  among 
the  simple-toothed  trilophodons  that  we  should  expect  to  find  the  whole  four  present. 


OCCURRENCE  OF  SIWALIK  AND  NARBADA  PROBOSCIDIA  IN  JAPAN. 

Introductory. — Since  the  publication  of  the  concluding  fasciculus  of  the 
first  volume,  a memoir  by  Dr.  E.  Naumann,  on  the  occurrence  of  fossil  elephants  in 
Japan,  has  appeared  in  the  German  “ Palaontograpliica.”2  In  that  memoir  there 
are  described  and  figured  remains  of  two  species  of  Indian  stegodons,  and  of 
Bleplias  namadicus,  all  of  which  were  found  in  Japan. 

Stegodon  clifti. — Of  the  stegodons*  the  first  species  described  is  Stegodon 
clifti , of  which  a last  lower  molar  is  figured  (pi.  I) . This  specimen  was  obtained 
on  the  coast  of  a small  island  called  Shozushima,  situated  in  the  inland  sea,  lying 

1 In  the  above-quoted  note  in  the  ‘ Records  ’ I classed  these  teeth  as  2nd  and  3rd  true  molars,  having  in  a hasty 
examination  mistaken  the  talon  of  the  last  tooth  for  a true  ridge : hence  I thought  the  specimens  abnormally  small. 
The  note  having  been  printed  in  my  absence  contains  the  absurd  sentence  “ the  penultimate  and  last  two  molars it 
.should  have  been  “ the  penultimate  and  last  true  molars.” 

2 “ fiber  japanische  Elephanten  der  Vorzeit,”  “ Palaontograpliica,”  1881. 
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to  the  north  of  the  province  of  Sikok  (Shikok).  The  fossil  is  described  as  being 
highly  mineralised,  and  covered  with  sea- shells,  having  probably  been  washed  out 
of  sub-marine  strata..  This  suggests  a close  analogy  with  the  deposits  of  Perim 
Island.  The  figure  leaves  no  doubt  that  the  specimen  is  correctly  referred  to  8.  clifti. 

Stegodon  insignis,  or  bombifrons. — The  remains  of  the  next  species  of  the  genus, 
were  obtained  in  the  province  of  Omi  (in  the  southern  third  of  the  large  island), 
and  are  referred  by  the  author  of  the  memoir  to  8.  insignis.  Erom  the  lowness  of 
the  ridge-formula  of  the  teeth,  as  well  as  from  the  form  of  the  ridges,  I am  myself 
rather  inclined  to  think  that  these  teeth  should  be  referred  to  8.  bombifrons  : this,, 
however,  is  a matter  of  minor  moment., 

Elephas  namadicus. — The  remains  of  Elephas  namadicus  seem  to  have  been 
obtained  with  those  of  the  last  species. 

Elephas  primigenius .■ — In  addition  to  the  above  there  is  described  (p.  31) 
an  upper  molar  of  E.  primigenius.  Unfortunately  the  exact  history  of  this  tooth  is 
unknown,  but  Dr.  Naumann  thinks  there  is  little  doubt  that  it  is  of  Japanese  origin. 

Inferences  from  the  above. — The  discovery  of  these  three  species  of  fossil 
Indian  elephants  in  Japan  is  of  the  greatest  interest  and  importance  as  regards 
the  distribution  of  these  animals.  Erom  the  conclusions  arrived  at  in  the  first  volume 
of  this  work  we  know  that  two  species  of  stegodons  ( 8 . clifti  and  8 . insignis ) 
ranged  into  China,  and  we  must  now  extend  the  range  of  two  species  of  the  genus  as 
far  as  Japan..  Elephas  namadicus  (unless  it  be  the  same  as  E.  antiquus ) has  not 
hitherto  been  known  beyond  India,  but  we  must  now  extend  its  range  from  western 
India  to  central  Japan.  It  thus  seems  pretty  clear  that  the  Siwalik  and  Narbada 
elephants  ranged  over  a great  part  of  India,  Burma,  China,  and  Japan.  It  should 
be  borne  in  mind  that  the  existing  fauna  of  Japan  belongs  to  the  palsearctic  region, 
while  the  Indian  fauna  belongs  to  the  Oriental : the  past  distribution  of  these- 
fossil  elephants  seems  to  indicate  a former  mingling  of  the  two  faunas. 

The  association  of  Stegodon  clifti  with  Elephas  namadicus  is  a point  of  extreme 
interest,  since  the  former  species  occurs  so  commonly  in  the  Burmese  deposits  which 
are  probably  low  down  in  the  Siwalik  series.  Stegodon  insignis , if  this  be  the 
other  Japanese  species,  was  already  known  from  the  Narbada  beds.  If  the  tooth 
of  the  mammoth  came  from  the  same  deposits  as  the  other  Japanese  remains,., 
there  would  be  considerable  probability  that  these  deposits  were  of  pleistocene  age : 
at  present  we  can.  only  say  with  any  approach  to  certainty  that  the  remains  of  the 
Japanese  elephants  belong  to  a period  not  older  than  the  pliocene,  during  which 
period  some  of  the  same  animals  flourished  in  India.1 

The  above  facts  render  it  necessary  that  in  the  table  given  on  page  284  of  the 
first  volume,  Japan  should  be  added  to  the  distribution  of  Euelephas  namadicus ,. 
Stegodon  clifti,  and  either  8.  bombifrons  or  8 ; insignis. 

In  the  same  table  it  should  also  be  mentioned  that  Loxodon  africanus- 
(African  elephant)  occurs  also  in  the  pleistocene  of  S.  Europe. 

1 Dr.  Naumann  ( loc . cit.  p.  34)  goes,  considering  the  uncertainty  of  origin  of  the  mammoth  tooth,  rather  farther 
than  the  facts  appear  to  me  to  justify.  He  observes  : “ Die  japanischen  Elephantenreste  deuten  auf  einen  Zeitabschnitt; 
hin,  der,  nicht  weiter,  als  in  die  pliocane:  Periode  zuriickreiehen  diirfte,  iind  der  bis  an. die  jetzige  Erdperiode  heranreicht.” ' 
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Order:  UNGULATA.  Division:  PERISSODACTYLA. 

Family  : EQ  TJID2E. 

History  of  fossil  Indian  Equidce. — To  quote  the  words  of  the  editor  of  Falconer’s 
“ Palaeontological  Memoirs,”  “ no  memoir  of  the  fossil  Equkke  of  India  was  ever 
published  by  Dr.  Falconer,”  and  we  are,  therefore,  unacquainted  with  the  particular 
distinctive  characters  on  which  that  eminent  paleontologist  founded  the  new  Indian 
fossil  species  named  by  himself  and  Sir  Proby  Cautley.  The  only  means  of  identifying 
these  species  are  from  the  named  specimens  in  the  British  Museum,  and  from 
the  (unfortunately  small  scale)  figures  in  the  “ Eauna  Antiqua  Sivalensis.”  1 

In  that  great  work  four  species  of  Indian  fossil  horses  were  specifically  named ; 
viz .,  Equus  namadicus  and  Equus  palceonus  from  the  pleistocene  of  the  Narbada 
valley,  and  from  the  sub-Himalayan  Siwaliks  Equus  sivalensis  and  Hippotlierium 
antilopinum. 

Subsequently  to  the  publication  of  that  work,  as  we  learn  from  the  “ Palaeon- 
tological Memoirs,”2  the  late  M.  Ed.  Lartet  wrote  to  Dr.  Falconer  in  1855  to  the 
effect  that  the  so-called  E.  palceonus  was  the  young  of  either  E.  namadicus  or 
E.  sivalensis.  As  the  latter  species  is  not  yet  known  from  the  Narbada  rocks,  the 
remark  will  probably  apply  to  the  former.  The  only  specimen  of  the  molar  dentition 
of  the  so-called  E.  palceonus  figured  in  the  “ Fauna  Antiqua  Sivalensis”  (pi.  LXXXII, 
fig.  11),  shows  the  lower  milk-molars,  and  there  seems  no  reason  for  separating 
this  specimen  from  E.  namadicus.  This  accordingly  reduces  the  number  of  the 
four  species  named  in  the  “ Fauna  Antiqua  Sivalensis”  to  three. 

In  figure  12  of  plate  LXXXII  of  the  same  work  a portion  of  the  mandible  of 


1 Pis.  LXXXl  to  LXXXV. 


2 Vol.  I,  p.  22,  note. 
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an  equine  animal  from  the  Siwaliks  of  the  Irawadi  valley  is  figured  and  referred  to 
the  genus  Equus,  without  any  specific  designation.  It  is  impossible  to  say  whether 
this  determination  be  correct,  and  whether  the  specimen  does  not  belong  rather  to 
Hippotherium.  In  this  uncertainty  no  description  of  this  specimen  will  be  given 
in  the  present  memoir. 

In  their  “ Catalogue  of  the  Eossil  Siwalik  Vertebrata  in  the  Museum  of  the 
Asiatic  Society  of  Bengal,”1  Messrs.  Ealconer  and  Walker  described  other  remains 
of  fossil  Indian  Equidse  from  the  sub- Himalayan  Siwaliks  and  from  the  ossiferous 
beds  of  Perim  Island.  Among  those  from  the  latter  place,  some  specimens  are  referred 
to  Equus,  and  others  to  Hippotherium  antilopinum. . An  examination  of  the  original 
specimens  referred  to  the  former  genus  shows  that  they  also  belong  to  Hippotherium. 

In  plate  LXXXIV,  figures  15  to  19  of  the  “ Eauna  Antiqua  Sivalensis”  some 
fragmentary  limb-bones  of  horses  from  the  probably  pleistocene  deposits  of  Tibet, 
beyond  the  Niti  pass,  are  figured  under  the  generic  title  of  Equus.  Other  bones 
doubtfully  referred  to  the  genera  Equus  and  Hippotherium  have  also  been  obtained 
from  the  same  deposits,  but  it  is  probable  that  these  determinations  are  open  to 
doubt.3  Erom  the  imperfect  and  fragmentary  condition  of  the  above  mentioned 
remains  no  attempt  at  their  specific,  or  even  generic,  determination  can  be  made, 
and  they  will,  therefore,  be  not  alluded  to  at  length  in  this  memoir. 

Previously  to  the  publication  of  the  “Eauna  Antiqua  Sivalensis,”  two  notices 
of  the  occurrence  of  fossil  horses  in  India  had  appeared  in  the  “ Journal  of  the 
Asiatic  Society  of  Bengal  ” for  1835.  The  first  of  these  was  in  a letter  from 
Dr.  Ealconer,  dated  Masuri  (Mussoorie),  January  1835. 3 It  mentions  the  discovery 
in  the  Kalawala  (Kallowalla)  pass  of  a molar  tooth  of  a horse,-  which  the  writer 
thought  might  belong  to  a new  species.  Erom  the  description  it  is  evident  that  this 
tooth  belonged  to  a Hippotherium.  The  second  notice4  is  by  the  late  Sir  W.  E.  (then 
Lieutenant)  Baker.  An  inspection  of  the  plate  accompanying  that  notice  shows 
that  the  teeth  mentioned  and  figured  belong  both  to  Equus  and  Hippotherium  : the 
above  mentioned  tooth  of  the  latter  genus  from  the  Kalawala  pass  is  figured  (fig.  18) 
in  this  notice. 

In  1846  Professor  Owen®  remarked  that  “ the  teeth  of  the  extinct  slender- 
legged horse,  or  Hippothere,  transmitted  by  Captain  Cautley  to  the  British  Museum, 
are  identical  with  those  of  the  above  species  \_Hippotherium  gracile~\  from  the 
European  miocene.” 

In  1862  Professor  Gaudry0  observed  that  the  limb-bones  of  Hippotherium 
antilopinum  of  India  very  closely  resembled  those  of  the  slender-limbed  variety 
of  H.  gracile  from  Pikermi. 

1 The  notices  referring  to  the  Equidas  are  copied  in  the  “ Palaeontological  Memoirs,”  Vol.  I,  page  186,  et  seq. 

2 See  a paper  by  the  author,  ‘Rec.  Geol.  Surv.  Ind.,’  Vol.  XIV,  p.  178. 

3 ‘ Journ.  As.  Soc.,  Bengal,’  Vol.  IV,  p.  58. 

4 Ibid,  p.  566,  pi.  XLV 

5 “ History  of  British  Fossil  Mammals  and  Birds,”  p.  395. 

6 “ Animaux  Fossiles,  et  Geologie  de  l’Attique,”  p.  231. 
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In  1865  the  late  Professor  H.  yon  Meyer 1 in  describing  some  upper  molars  of  a 
hippothere  collected  by  the  Messrs.  Schlagintweit  in  the  Siwaliks  of  Nurpur  and 
Kiishalghar,  came  to  the  conclusion  that  Hippotherium  antilopinum  of  Falconer 
and  Cautley  could  not  be  distinguished  from  the  European  II.  gracile,  or  E.  primi- 
genius,  as  it  is  called  by  von  Meyer. 

In  1870,  in  the  presidential  address  to  the  Geological  Society  of  London,3  Pro- 
fessor Huxley  remarked  that  traces  of  the  e larmial  ’ cavities  of  the  skulls  of  the 
hippotlieres  were  to  be  detected  in  the  skulls  of  some  of  the  Siwalik  horses. 

In  1873  Professor  Gaudry3  mentioned  that  certain  fossil  equine  teeth  from 
China,  in  the  British  Museum,  seemed  to  be  identical  with  those  of  the  Indian 
hippotheres.  In  the  same  memoir 4 that  writer  came  to  the  conclusion,  from  the 
examination  of  certain  Siwalik  limb-bones  in  the  British  Museum,  figured  in  the 
“ Eauna  Antiqua  Sivalensis  ” as  belonging  to  Hippotlierium  antilopinum , that  the 
feet  of  that  species  were  unprovided  with  lateral  digits.  M.  Gaudry  concludes 
his  notice  by  deprecating  the  assignation  of  the  species  in  question,  on  these 
grounds  alone,  to  a distinct  genus.  It  will  be  manifest  that  this  conclusion  of 
M.  Gaudry  rests  entirely  on  the  correct  determination  of  the  bones  in  the  British 
Museum  assigned  to  H.  antilopinum.  Some  further  remarks  on  this  subject  will 
be  made  in  the  sequel. 

In  1877  certain  teeth  of  the  upper  molar  series  of  an  equine  animal  from  the 
Siwaliks  were  described  by  myself,5  under  the  name  of  Sivalhippus  theobaldi.  In 
the  same  notice  it  was  also  mentioned  that  certain  specimens  in  the  Indian 
Museum  seemed  to  indicate  the  existence  of  two  Siwalik  species  of  the  genus 
Equus , and  two  of  the  genus  Hippotlierium.  Later  on  in  the  same  year 6 it  was 
shown  that  the  so-called  Sivalhippus  was  probably  the  same  as  the  second  species  of 
Hippotlierium,  which  was  accordingly  termed  Hippotlierium  theobaldi. 

In  the  course  of  this  memoir  it  will  be  shown  that  the  second  species  of 
Siwalik  horse  seems  to  be,  in  all  probability,  the  same  as  the  pleistocene  Equus 
namadicus  of  Falconer  and  Cautley,  thus  affording  another  instance  of  the  connec- 
tion of  the  faunas  of  the  topmost  Siwaliks  and  the  Narbada  beds. 

As  the  fragment  of  a lower  jaw  of  an  equine  animal  from  the  Ira  wadi  and  the 
specimens  from  Tibet  noticed  above  cannot  be,  even  generically,  determined,  the 
known  species  of  fossil  Indian  equines  comprehend  two  species  of  Hippotlierium 
and  two  of  Equus. 

List  of  species  of  Hippotherium  and  Eqtjtjs. — Since  all  the  remains  of  fossil 
horses  hitherto  discovered  in  India  may  be  referred  to  the  two  genera  Hippo- 

1 “ Palaontographica,”  Vol.  XV,  p.  17.  I have  elsewhere  stated  that  von  Meyer  added  H.  gracile  to  the  Siwalik 
fauna,  not  at  first  having  understood  that  he  intended  to  group  all  the  Indian  remains  of  that  genus  under  the  same 
name. 

2 ‘ P.  G.  S.,’  1870,  p.  1. 

3 “ Animaux  Fossiles  du  Mont  Leberon,”  p.  32. 

4 Ibid.,  p.  40. 

5 ‘Rec.  Geol.  Surv.  Ind.,’  Vol.  X,  p.  31. 

6 Ibid.,  p.  82. 
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therium  and  JE quits,  we  may  confine  our  attention  in  this  memoir  to  the  considera- 
tion of  those  two  genera,  and,  in  order  to  obviate  the  necessity  of  quoting  synonyms 
in  the  sequel,  the  following  list  of  all  the  named  species  of  the  two  genera  with 
which  I am  acquainted  has  been  drawn  up.  This  list  indicates  the  synonomy, 
and,  in  a general  way,  the  geological  and  geographical  distribution  of  each  species. 
Doubtful  species  are  indicated  by  an  asterisk,  while  a note  of  interrogation  indicates 
those  instances  where  there  may  be  doubt  as  to  the  identification  of  a synonym. 


Genus  I:  HIPPOTHERIUM,  Kaup. 


Synonyms — Eipparion  (Christol),  Hippodon  (Leidy),  Sivalhippus  (Lydekker). 
1.  Hippotherium  afeine  (Leidy  sp.).  N.  America;  pliocene. 


Eipparion  affine  (Leidy). 

2.  Hippotherium  antilopinum  (Ealc.  and  Caut.).  India  and  (?)  China;  Mio- 

pliocene. 

Equus  primigenius  (Von  Meyer). 

Eipparion  antilopinum  (Gaudry) . 

3.  Hippotherium  calamarium  (Cope).  N.  America ; pliocene. 

4.  Hippotherium  gracile  (Kaup.).1  Europe  and  (?)  N.  Africa;  miocene. 


Equus  angusticlens  (Meyer). 

„ asinus  primigenius  (Meyer). 

„ caballus  (Meyer) . 

„ gracilis  (Kaup). 

„ mulus  primigenius  (Meyer) . 

„ nanus  (Kaup). 

„ primigenius  (Meyer) . 

Eipparion  diplostylum  (Gerv.). 

„ gracile  (Christol). 

5.  Hippotherium  gratum  (Leidy.  sp.). 


Eipparion  gracile,  var.  m.editerraneum  ( Roth, 
and  Wag.) 

„ mediterraneum  (Hensel) . 

„ mesostylum  (Gerv.). 

„ prostylum  (Gerv.). 

Hippotherium  mediterraneum  (Kaup). 

„ meridionale  (Kaup) . 

„ nanum  (Kaup) . 

N.  America ; pliocene. 


Eipparion  gratum  (Leidy). 


6.  Hippotherium  occidentale  (Leidy).  N.  America;  pliocene. 


Eipparion  occidentale  (Leidy). 


7.  Hippotherium  paniense  (Cope).  N.  America;  pliocene. 

8.  Hippotherium  speciosum  (Leidy  sp.).  N.  America;  pliocene. 

Eipparion  speciosum  (Leidy) . | Hippodon  speciosus  (Leidy) . 

9.  Hippotherium  theobaldi  (Lydekker).  India  and  (?)  China;  mio-pliocene. 

(?)  Equus  primigenius  (Meyer);  [ Sivalhippus  theobaldi  (Lydekker). 

Eipparion  theobaldi  (Blanford).  | 


1 I follow  M.  Gaudry  in  uniting  H.  mediterraneum  with  H.  gracile  (see  “ Animaux  fossiles  du  Mt.  Leberon,” 
p.  32).  M.  Hansel  still  considers  the  two  species  to  be  distinct.  (See  “ Abhand.  d.  k.  Akad.  d.  Wissen.  z.  Berlin”  1861, 
p.  27).  The  only  distinction  between  the  two  so-called  species  seems  to  be  a slight  difference  in  the  size  of  the  molars 
and  in  the  folds  of  the  enamel  in  the  lower  molars. 
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10.  Hippotherium  venustum  (Leidy.).  N.  America;  (?)  pleistocene. 

Eipparion  venustum  (Leidy). 


Gentjs  II:  EQUUS,  Linne. 

Synonyms — Asinus  (Gray),  Hippidion  (Owen),  Hippoideum  (Lund),  Hippotigris 
(H.  Smith),  Zebra  (Aldrov). 

1.  Eqtjus  arcidens  (Owen).  S.  America;  pleistocene. 

Hippidion  arcidens  (Owen). 

2.  Eqtjus  argentinus  (Burmeister).  S.  America;  pleistocene. 

3.  Equus  asinus  (Linne).  Old  world;  recent  and  pleistocene. 

Asinus  vulgaris  (Gray).  Equus  asinus  europeus  (Sanson). 

Equus  asina  (Fleming).  ,,  }}  fossilis  (Owen) . 

> „ asinus  africanus  (Sanson). 

4.  Equus  burchelli  (Bennett). 

Asinus  burchelli  (Gray). 

Equus  montanus  (F.  Cuv.). 

„ zebra  (Burehell). 

5.  Equus  caballus  (Linne).  Old  World  and  (?)  N.  America1 ; recent,  pleisto- 

cene, and  upper  pliocene. 


S.  Africa ; recent. 

Equus  zelroides  (Lesson) . 
Hippotigris  lurclielli  (H.  Smith). 


Equus  adamiticxis  (Schloth.). 

,,  antiquorum  (Gesner). 

„ brevirostris  (Kaup). 

„ caballus  fossilis  (Baer). 

„ ? devillei  (Gervais). 

„ ferns  (Pallas) . 

„ juvillacus  (Bravard). 

,,  fossilis  (Meyer). 

„ ? f rater nns  (Leidy) . 

6.  Equus  conversidens  (Owen).  S.  America1;  pleistocene. 

7.  Equus  curvidens  (Owen).  S.  America;  pleistocene. 

8.  Equus  hemionus  (Pallas).  Central  Asia;  recent. 


Equus  magnus  (Bravard). 

„ ? micrognathus  (Gervais). 

„ minutus  (Dub.  and  Jacm.) 
„ ? piscenensis  (Gervais). 

„ plicidens  (Owen). 

„ ? priscus  (Eichwald). 

„ robustus  (Pomel) . 

„ spelceus  (Owen). 


Asinus  equioides  (Hodgson) . 

„ equuleus  (H.  Smith). 

„ hemionus  (Gray) . 

„ hippargus  (H.  Smith). 

„ lciang  (Gray). 

9.  Equus  major  (De  Kay).  N.  America  ; (?)  pliocene. 

Equus  americanus  (Leidy) . Equus  complicatus  (Leidy) . 

1 The  introduced  American  and  Australian  horses  are  not  noticed  here. 


Asinus  polyodon  (Hodgson) . 

,,  ? hemippus  (?) 

Equus  lciang  (Mooreroft) . 

„ onager  (Eversman). 

„ varius  (H.  Smith  in  part). 
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10.  Equtjs  namadicus  (Falc.  and  Caut.).  India  ; pleistocene  and  (?)  pliocene, 
(Narbada  and  (?)  Sub-Himalaya). 

? Equus  palceonus  (F.  and  C.) 

11.  Equtjs  neog^ius  (Lund).  S.  America;  pleistocene. 

Hippjidion  neogaum  (Owen).  | Hippoideum  neogceum  (Lund). 


12.  ^Equus  occidentalis  (Leidy).  N.  America;  pliocene. 

Equus  excelsus  (Lund.). 


13.  Equus  onager  (Pallas).  Kach,  Persia,  and  Mesopotamia;  recent. 


Asinus  hemionus  (Gray). 
,,  hiang  (Layard) . 

„ onager  (Gray). 


Equus  asinus  onager  (Schred). 
„ hemionus  (Sykes) . 

„ lchur  (Lesson). 


14.  Equus  pacieicus  (Leidy).  N.  America ; pleistocene. 

15.  *Equus  prezewalkseii  (Poliakoff).  C.  Asia;  recent. 

16.  Equus  principalis  (Lund).  S.  America;  pleistocene. 

Hippidion  principalis  (Owen) . 


17.  Equus  quagga  (Gmel.).  S.  Africa ; recent. 

Asinus  quagga  (Gray). 

18.  Equus  quaggoides  (E.  Maj.)  Europe;  pliocene. 

19.  Equus  sivalensis  (Ealc.  and  Caut.).  India;  pliocene. 

20.  Equus  stenonis  (Coccbi).  Europe;  up.  pliocene. 

21.  Equus  tau  (Owen).  S.  America;  pleistocene. 

22.  Equus  zebra  (Linne).  S.  Africa;  recent. 

Asinus  zebra  (Gray).  Hippotigris  antiquorum  (II.  Smith). 

Equus  brasiliensis  (Jacob),  Zebra  indica  (Aldrov.). 

„ indicus  ( J onston) . 

This  list  gives  a total  of  10  species  of  Rippotherium,  all  of  wliich  are  fossil, 
and  whose  distribution  may  be  tabulated  as  follows,  viz. : — 


India  and  China 2 

Europe  and  Africa 1 

America 7 


Of  the  genus  Equus 1 there  are  22  species,  of  which  8 are  living,  2 are  found 
both  living  and  fossil,  and  14  are  exclusively  fossil : their  distribution  may  be 
tabulated  as  follows  : — 

Living.  Fossil.  . 


Africa 5 0 

Asia 5 2 

Europe 2 3 

North  America 0 4 

South  America 0 7 

Dentition  of  the  Equidce. — As  the  materials  for  the  history  of  the  fossil  Siwalik 


Equus  parvulus  (Marsh)  = Protohippus. 
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horses  consist  mainly  of  teeth  and  jaws,  it  will  avoid  repetition  to  devote  a few 
paragraphs  to  the  consideration  of  the  structure  and  number  of  the  teeth  in  the  two 
genera  under  consideration.  In  all  the  known  genera  of  the  family  the  whole 
complement  of  the  full  mammalian  dentition  is  invariably  developed,  t]ie  formula 
being — 


l-l 


4'4 


1 3-.3  Cl  ri  pm'  4 4 ■ 3'3‘ 

The  tooth  here  reckoned  as  the  first  premolar  is  in  Equus  and  Hippotherimn,  at  all 
events,  a milk-mo] ar,  as  it  has  neither  predecessor  nor  successor  ; it- is  of  small  size, 
and,  in  most  cases,  disappears  at  an  early  age.  It  is  analogous  to  the  corresponding 
tooth  in  Rhinoceros.  In  Equus  “ the  molar  teeth  present  an  outer  wall,  which 
is  bicrescentic  in  transverse  section ; and  two  inner  edges,  which  are  curved  more 
or  less  inwards  and  backwards,  and  correspond  respectively  with  the  anterior  and 
posterior  crescents  of  the  outer  wall.  The  valleys  may  be  more  or  less  completely 
filled  up  with  cement,  which  also  coats  the  tooth.  The  incisors  are  similar  in  form 
in  each  jaw,  and  in  Equus  and  Rippotherium  their  crowns  present  a wide  and  deep 
median  cavity,  formed  by  a fold  of  enamel.” — (Huxley.) 

The  structure  of  the  molars  may  be  more  fully  explained  as  follows,  in  the 
words  of  the  same  writer  : — 


“ The  outer  wall  of  the  tooth  is  bent  in  such  a manner  as  to  present  from  before  backwards 
two  concave  surfaces,  separated  by  a vertical  ridge.  From  the  anterior  end,  and  from  the  middle 
of  this  outer  wall,  two  laminae  of  the  crown  pass  inwards  and  backwards,  so  as  to  be  convex  in- 
wards and  concave  outwards,  and  thus  to  include  two  spaces  between  themselves  and  the  outer  wall. 
From  the  inner  surface  of  the  hinder  part  of  each  of  these  crescentic  laminae  a vertical  pillar  is 
developed,  and  the  inner  surface  of  the  pillar  is  grooved  vertically.  The  outer  wall,  the  laminae, 
and  the  pillars  are  all  formed  of  dentine  and  enamel,  thickly  coated  with  cement.  The  attrition 
which  takes  place  during  mastication  wears  down  the  free  surfaces  of  all  these  parts,  so  as,  in  the 
long  run,  to  lay  bare  a surface  of  dentine  in  the  middle  of  each,  surrounded  by  a band  of  enamel, 
and  outside  this  by  the  cement,  with  which  the  interspaces  are  filled.  The  band  of  enamel  is 
simple  and  unplaited  [in  the  young,  hut  somewhat  plaited  in  the  adult.]  The  general  pattern  of 
the  worn  crescentic  surface  may  be  described  as  consisting,  externally  of  two  longitudinal  crescents, 
one  behind  the  other,  and  with  their  concavities  turned  outwards.  [In  plate  XIY,  fig.  3 the 
component  parts  of  the  teeth  are  indicated  in  pm.  3.  In  this  tooth  a and  b are  the  outer  crescents, 
which  will  be  termed  below,  respectively,  the  antei’ior  and  posterior,  or  first  and  second,  outer 
crescents.]  * * Internal  to  these,  are  two  other  crescents,  partly  transverse  in  direction, 

and  connected  by  their  anterior  ends  with  the  walls,  which  arise  from  the  wear  of  the  laminse ; 
[these  crescents  are  indicated  by  the  letters  c and  d,  and  will  be  termed,  respectively,  the  anterior 
and  posterior,  or  first  and  second  inner  crescents,]  and  attached  to  the  inner  surface  of  these  two 
hour-glass-shaped  surfaces  produced  by  the  wear  of  the  two  pillars.  [These  pillars  are  indicated, 
by  the  letters  e and  /,  and  will  be  designated,  respectively,  the  anterior  and  posterior,  or  first  and 
second  pillars.] 

“ In  the  mandible  the  structure  of  the  molars  and  the  resulting  pattern  are  quite  different. 
[The  right  hand  tooth  in  figure  5 of  plate  XII  is  selected  to  illustrate  the  structure  of  the  lower 
molars.]  The  outer  wall  presents  two  convex  surfaces,  separated  by  a longitudinal  depression,  and 
thus  reverses  the  conditions  observable  in  the  upper  molars.  The  result  of  the  wear  of  this  is 
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necessarily,  two  crescents,  the  concavities  of  which  are  turned  inwards,  [These  crescents  are  indi- 
cated hy  the  letters  a and  b in  the  figure,  and  will  be  alluded  to  respectively  as  the  anterior  and 
posterior,  or  first  and  second  crescents.]  A vertical  pillar,  longitudinally  grooved  on  its  inner  face, 
is  developed  on  the  inner  face  of  the  tooth  at  the  junction  of  the  anterior  and  posterior  crescent, 
and  gives  ris<f  to  a deeply  bifurcated  surface  when  worn.  [This  pillar  is  indicated  hy  the  letter  c. 
and  will  be  termed  the  anterior  or  first  pillar.]  A second  smaller  pillar  appears  in  connection  with 
the  inner  face  of  the  posterior  end  of  the  outer  wall.'”  [This  pillar  is  indicated  by  the  letter  d,  and 
will  be  termed  the  posterior  or  second  pillar.] 

Homology  qf  component  parts  of  molars. — The  homology  of  the  component 
parts  of  the  equine  molar  with  those  of  the  molars  of  a less  specialised  type  ( e.g ., 
Anchitherium  and  Rhinoceros)  has  been  admirably  pointed  out  hy  M.  Gaudry.1 
That  distinguished  palaeontologist  has  shown  that  the  outer  c crescents  ’ of  the 
upper  molars  of  the  horse  correspond  to  the  two  divisions  of  the  outer  wall  of  the 
rhinoceros  molar,2  while  the  inner  | crescents 5 correspond  to  the  areas  connecting 
the  two  main  ‘ colles  ’ with  the  outer  wall,  and  the  two  ‘ pillars  ’ to  the  ‘ colles  ’ 
themselves.  The  central  spaces  enclosed  between  the  two  transverse  pairs  of 
‘ crescents  ’ in  the  equine  molar,  correspond  to  the  median  and  posterior  ‘ valleys  ’ 
of  the  rhinoceros  molar.  In  the  lower  molars  the  outer  e crescents  ’ of  the  equine 
tooth  correspond  to  the  greater  part  of  the  ‘ crescents  ’ of  the  rhinoceros  molar,  while 
the  c pillars  ’ of  the  former  correspond  to  the  postero-internal  extremities  of  the 
latter. 

Development. — The  milk- dentition  has  the  following  formula  : — 

. 3-3  n 44 

m.i.-g.3  mm. 

The  first  true  molar  comes  into  use  long  before  the  milk-molars  are  shed.  In  the 
living  horse  the  first  milk-molar  usually  falls  out  at  the  time  of  appearance  of  the 
second  premolar,  and  is  never  replaced.  In  some  of  the  Indian  domestic  ponies 
this  tooth  is  retained  for  a longer  period,  and  we  shall  see  such  to  have  been  the 
case  among  some  of  the  Siwalik  horses.  The  permanent  canines  are  the  last  to 
appear,  and  they  are  not  unfrequently  never  developed  in  the  domesticated  mare. 
“ The  upper  canines  are  distant  from  the  outer  incisors,  while  the  lower  canines  are 
quite  close  to  them.  In  both  jaws  there  is  a wide  interval,  or  diastema , between 
the  canines  and  the  premolars.” 

Special  characters. — The  last  molar  is  not  more  complex  than  the  anterior  teeth, 
nor  the  last  milk-molar  than  the  replacing  premolar.  This  is  a common  perisso- 
dactyle,  as  distinguished  from  au  artiodactyle,  character.  The  molars  and  pre- 
molars do  not  form  6 fangs  ’ till  late  in  the  life  of  the  animal. 

In  the  horses  and  hippotheres  the  three  last  premolars  are  larger  than  the  true 
molars,  and  the  first  premolar  (milk-molar)  very  small,  but  in  the  older  members 
of  the  family  all  the  teeth  of  the  molar  series  are  more  equal  in  size. 

Distinction  between  molars  of  TTtppotttktuttm  and  Equus. — The  upper  molars 
of  Rippotlierium  are  distinguished  from  those  of  Equus,  in  an  early  state  of  wear,  by 

1 “ Les  Enchainements  du  Monde  Animal,  etc.,”  Chap.  V.  2 Vide  preceding  fasciculus. 
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the  complete  isolation  of  the  anterior  * pillar  ’ : in  the  much-worn  tooth,  however, 
this  £ pillar  ’ is  united  to  the  first  inner  ‘ crescents  ’ in  Hippotherium,  as  in  JEquus.1 
The  plications  of  the  central  folds  of  enamel  in  the  upper  molars  are  generally 
greater  in  the  former  than  in  the  latter  genus. 


Genus  I.  HIPPOTHERIUM,  Kaup. 

Hippaeion,  Christol. 

This  genus  may  he  shortly  defined  as  follows.  Tridactyle3  horses,  in  which 
the  first  pillar,  in  the  upper  molars,  is  disconnected  from  the  first  inner  e crescent  ’ 
for  at  least  three-quarters  of  its  length. 


Species  1.  Hippotheeium  antilopinum,  Ealc.  and  Caut. 

Syns  : Hippaeion  antilopinum,  Gaudry.  Equus  peimigenius,  von  Meyer. 

History. — As  stated  in  the  introduction,  this  species  seems  to  have  been  first 
named  in  the  “Eauna  Antiqua  Sivalensis,”  and  we  must,  therefore,  trust  to  the 
figures  there  given,  and  the  measurements  in  the  descriptions  of  the  plates,  for  its 
identification.  In  plate  LXXXII  of  that  work  there  are  drawn  several  specimens 
of  the  dentition,  which  must  he  taken  as  the  types  of  the  species.  These  will  he 
referred  to  as  we  proceed. 

At  a later  period,  as  already  noticed  in  the  introduction,  H.  von  Meyer  referred 
all  the  remains  of  Indian  hippotheres  then  known,  to  the  European  Hippotherium 
gracile  (Hquus  primigenius).  We  shall  subsequently  see  that  there  is  good 
evidence  to  show  that  there  are,  at  least,  two  Indian  species  of  the  genus,  hut  that 
von  Meyer’s  conclusion  as  to  the  identity  of  H.  antilopinum  with  H.  gracile  may 
possibly  be  correct. 

M.  Gaudry’ s conclusion  as  to  the  probable  monodactyle  character  of  this 
species  will  be  alluded  to  below  and  shown  to  be  untenable. 

Upper  molar  series. — In  figure  13  of  plate  LXXXII  of  the  “ Eauna  Antiqua 
Sivalensis,”  an  upper  jaw,  with  the  molar  series,  of  Hippotherium  antilopinum  is 
figured,  and  described  as  belonging  to  the  left  side.  A cast  of  this  specimen,  how- 
ever, in  the  Indian  Museum,  shows  that  the  figure  has  been  reversed,  and  that 
the  jaw  really  belongs  to  the  right  side.  It  contains  six  teeth,  which  seem  to  be 
the  three  true  molars,  and  the  three  last  premolars.  The  portion  of  the  bone 
where  the  persistent  milk-molar  should  be  has  been  broken  away,  so  that  that  tooth 

1 Vide  Gaudry,  op.  cit.,  fig.  166. 

This  is  on  the  supposition  that  M.  Gaudry ’s  conclusions  as  to  the  monodactyle  character  of  U.  antilopinum 
are  incorrect. 
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may  have  been  present  in  the  complete  jaw.  The  last  true  molar  has  only  just 
come  into  wear.  This  specimen  will  he  termed  a. 

In  figure  16  of  the  same  plate  a palatal  specimen  is  figured ; it  shows  the  three 
true  molars  and  the  last  premolar ; it  is  of  slightly  larger  size  than  the  last  specimen 
and  will  be  alluded  to  as  specimen  b. 

In  figure  18  of  the  same  plate  a detached  upper  molar  is  figured  of  the  natural 

size. 


In  figure  1 of  plate  SI  of  this  memoir  there  is  drawn  part  of  the  left  upper 
molar  dentition  of  a species  of  Kippotherium , collected  by  Mr.  Theobald  in  the 
Siwaliks  of  Niki,  in  the  Punjab.  The  second  tooth  in  this  specimen  (pm.  4) 
being  less  worn  than  the  succeeding  tooth,  is  inferred  to  he  the  last  premolar, 
whence  the  four  teeth  will  he,  respectively,  the  3rd  and  4th  premolars  (pm.  3,  pm.  4) 
and  the  1st  and  2nd  true  molars  (m.  1,  m.  2).  Erom  the  size  of  the  teeth  in  this 
specimen  (which  we  shall  call  specimen  c)  it  is  inferred  to  belong  to  H.  antilopinum. 
The  teeth  are  of  the  normal  hippotherian  type,  showing  the  characteristic  isolated 
anterior  ‘ pillar,’  and  the  plications  of  the  central  islands  of  enamel.  The  premolars 
are  somewhat  larger  than  the  true  molars,  and  the  grinding  surfaces  of  all  the  teeth 
are  approximately  square. 

In  the  following  table  the  dimensions  of  the  three  specimens  above  noticed  are 
compared  together ; the  specimens  are  indicated  by  the  letters  given  above — 


Width  of  palate  posteriorly  . 

„ „ „ between  3rd  premolars 

Length  „ molar  series  . 

„ „ three  true  molars 

„ „ 1st  premolar 


Width  . 
Length  . 
Width 
Length  . 
Width  , 
Length  , 
Width  , 
Length  , 
Width  , 
Length  , 
Width  i 


2nd 


1-25 
0-83 
0-96  0'9l 
095 
0-93  0 
0-86 
0-8 
0-85  0 
0-85 
076  0 


8 0-85 
0-85 
075 


The  comparatively  slight  variations  in  these  dimensions  leave  little  room  for  doubt 
that  the  three  specimens  belong  to  the  same  species,  seeing  that  no  difference  in  the 
form  of  the  teeth  can  be  detected. 

Upper  milJc-molars. — The  next  specimen  for  notice  is  the  anterior  portion  of  the 
palate  of  a colt,  also  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab  near 
the  village  of  Niki.  In  figure  2 of  plate  XI  of  this  volume  the  dentition  of  the  left 
side  of  this  specimen  is  figured.  The  teeth  shown  are  the'  four  milk- molars  (mm.  1 
to  mm  4.),  and  the  germ  of  the  first  true  molar  (m.  1),  which  has  never  come  into 
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use.  The  isolation  of  the  anterior  c pillars  ’ in  these  teeth  shows  that  they  belong  to 
a Ripp  other  him,  while  the  existence  of  a larger  form  of  milk-molars  of  the  genus  in 
the  Siwaliks  (to  be  noticed  in  the  sequel)  renders  it  probable  that  these  teeth  belong 
to  the  present  smaller  species. 

The  first  milk*  molar  (mm.  1)  is  a small  sub-cylindrically  shaped  tooth : the 
second  milk-molar  (mm.  2)  is  elongated ; the  third  and  fourth  teeth  of  this  series 
(mm.  3 : nun.  4)  approach  a square  in  cross = section. 

As  it  is  mainly  from  the  characters  of  the  upper  milk-molars  that  the  distinct- 
ness of  the  next  species  is  inferred,  it  will  be  necessary  to  examine  the  characters  of 
these  teeth  somewhat  more  closely.  In  all  the' three  larger  teeth  the  anterior  ‘ pillar  * 
is  subcylindrical,  and  is  placed  far  in  between  the  two  inner  ‘ crescents,’  so  that  by 
the  presence  of  a large  amount  of  cement  the  inner  wall  of  the  crown  presents  a 
smooth  face,  without  any  projection  of  the  hinder  border  of  the  anterior  £ pillar.’ 
In  the  second  milk-molar  there  is  an  infolding  of  enamel  on  the  inner  side  of  the 
produced  anterior  extremity  of  the  crown : the  posterior  c pillar  ’ presents  the  pecu- 
liar character  of  being  separated  from  the  posterior  inner  ‘ crescent.’  In  the  second 
and  third  milk-molars  the  posterior  ' pillar  ’ does  not  extend  backwards  as  far  as  the 
hinder  border  of  the  crown.  In  all  these  teeth  the  plications  of  the  enamel  in  the 
central  islands  are  of  great  complexity.  The  teeth  are  coated  very  thickly  with 
cement,  which  nearly  obliterates  the  ridges  on  their  outer  walls. 

The  dimensions  of  the  specimen  are  as  follows  : — 


Width  *of  palate  between  1st  milk-molars 1'82 

„ „ „ last  „ • 20 

Length  „ four  milk-molars  . 3'72 

„ „ three  last  „ 3 52 

„ „ 1st  milk-molar 0'48  • 

Width  „ „ 0-32 

Length  „ 2nd  1'42 

Width  „ „ 0-89 

Length  „ 3rd  101 

Width  „ „ 0'94 

Length  „ 4th  1*1 

Width  „ „ O' 94 


Mandible. — In  figures  14  and  14a  of  plate  LXXXII  of  the  “Fauna  Antiqua 
Sivalensis  ” two  views  are  given  of  a fragmentary  mandible  of  a small  equine  animal 
referred  to  the  present  species.  In  the  description  of  the  plate  the  specimen  is 
said  to  contain  the  three  premolars  and  the  first  true  molar : an  inspection  of  the 
figure,  however,  shows  clearly  that  the  fourth  tooth  (the  first  true  molar)  is  less 
worn  than  the  preceding  tooth ; hence  the  three  anterior  teeth  must  be  milk-molars, 
and  not  premolars.  I am  unable  to  say  whether  the  specimen  belongs  to  this  or 
the  next  species. 

In  figure  3 of  plate  XII  of  this  volume  there  is  drawn  a fragment  of  the  left 
ramus  of . the  mandible  of  an  equine  animal  collected  by  Mr.  Theobald  in  the 
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Siwaliks  of  tlie  Funjab.  As  the  specimen  comes  from  a horizon  in  the  Siwaliks 
(as  inferred  from  its  mineral  condition),  where  no  remains  of  JEquus  occur,  and  as  it 
presents  certain  peculiarities  characteristic  of  the  lower  dentition  of  Hippotherium, 
it  may  he  referred  to  that  genus.  Since  the  specimen  is  smaller  than,  and  of 
different  proportions  from,  another  jaw  of  the  same  genus  referable  to  the  next 
species,  it  seems  probable  that  it  may  be  referred  to  H.  antilopinum.  This  speci- 
men shows  five  teeth,  the  two  anterior  of  which  (pm.  8,  pm.  4)  are  stouter  and 
less  worn  than  the  succeeding  tooth  (m.  1,)  whence  it  is  inferred  that  the  five  teeth 
are  respectively  the  two  last  premolars,  and  the  three  true  molars. 

The  premolars  (pm.  3,  pm.  4)  are  considerably  wider  and  stouter  than  the 
true  molars  ; the  last  true  molar  is  extremely  thin  : the  four  anterior  teeth  exhibit 
at  their  antero-external  angles  a semi-detached  column  of  enamel,  very  characteris- 
tic of  the  lower  molars  of  this  genus.1 11  The  fragment  of  the  mandible  remaining 
shows  that  the  inferior  border  was  highly  convex  towards  the  middle. 

The  dimensions  of  the  specimen  are  as  follows  : — 


Depth  of  jaw  at  pm.  3 2-l 

„ „ „ m.  1 2-65 

Length  „ five  teeth 5'0 

„ „ three  true  molars 2-92 

„ „ 3rd  premolar 1^08 

Width  „ „ „ . ■ 061 

Length  „ 4th  „ . . , 1*1 

Width  „ „ „ . . 0'6 

Length  „ 1st  true  molar 0'94 

Width  . 0'5 

Length  „ 2nd  „ * 0 96 

Width  „ „ „ . 0-48 

Length  „ 3rd  „ . . . . . . . , . . . . l-02 

* Width  „ „ 0-43 


Lower  milk-molars. — In  figure  1 of  plate  XII  there  is  represented  a part  of 
the  left  mandible  of  a young  hippothere,  collected  by  Mr.  Theobald  in  the  Punjab. 
This  specimen  shows  four  teeth,  namely,  the  three  last  milk-molars  (mm  2,  mm  3, 
mm.  4),  (inferred  to  be  such  from  the  fourth  tooth  (m.  1)  in  the  specimen  being 
less  worn  than  the  preceding  one),  the  first  true  molar  (m.  1)  just  touched  by 
wear,  and  the  alveolus  of  the  second  true  molar.  The  specimen  is  inferred  to 
belong  to  a Hippotherium  from  the  district  whence  it  was  obtained,  and  from  the 
presence  of  the  detached  column  of  enamel  on  the  outer  side  of  the  third  milk- 
molar.  Prom  the  exact  similarity  of  the  first  true  molar  (m.  1)  in  this  specimen 
with  the  corresponding  tooth  in  the  last  specimen,  the  jaw  is  inferred  to  belong 
probably  to  H.  antilopinum . It  will  be  noticed  that  the  milk-molars  are  of  smaller 
dimensions  than  the  premolars  in  the  last  specimen.  The  length  of  the  three  milk- 
molars  is  3- 7 inches. 

1 This  column  is  scarcely  perceptible  in  the  figure ; it  is  well  shown  in  figure  10  of  plate  V of  Gaudry’s 

11  Animaux  Fossiles  du  Mont  Leberon.” 
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Limb-bones. — In  plates  LXXXIY  and  LXXXV  of  the  “ Eauna  Antiqua 
Sivalensis  ” a large  series  of  limb-bones  of  Siwalik  equine  animals  has  been 
lithographed,  and  in  many  cases  specifically  assigned  either  to  Equus  sivalensis 
or  Hippotherium  antilopinum . We  are  not,  however,  informed  on  what  grounds 
these  determinations  were  made,  but  it  appears  that  in  general  the  larger  speci- 
mens have  been  assigned  to  the  former  species,  and  the  smaller  to  the  latter. 
If,  however,  we  examine  into  the  matter  more  closely,  we  shall  find  that  this  does 
not  hold  as  an  invariable  rule.  Taking  the  case  of  the  metatarsus,  we  find  that 
in  figure  4 of  plate  LXXXIY  a specimen  of  this  bone  referred  to  Equus  siva- 
lensis has  a length  of  1L1  inches ; while  a specimen  (plate  LXXXY,  figure  12) 
referred  to  Mippotherium  antilopinum  has  a length  of  10'4  inches.  Another 
specimen,  however  (plate  LXXXIY,  figure  21),  assigned  to  the  former  genus, 
has  a length  of  only  10 ‘5  inches,  and  is  much  slenderer  than  the  first  specimen. 
In  the  Indian  Museum  there  is  a specimen  of  an  equine  metatarsus  from  the 
topmost  Siwaliks,  in  which  hitherto  no  remains  of  Rippotherium  have  been  found  : 
this  bone  is  somewhat  smaller  than  the  one  assigned  by  Ealconer  and  Cautley  to 
H.  antilopinum , and  yet  belongs  to  an  Equus.  It  will  be  shown  below  that  the 
proximal  phalangeal  bones  referred  by  Ealconer  and  Cautley  to  EL.  antilopinum 
really  belong  to  Equus  sivalensis. 

Erom  the  foregoing  considerations  it  seems  to  me  that  Ealconer’s  identification  of 
the  limb-bones  of  this  species  is  certainly  erroneous,  and,  therefore,  that  M.  Gaudry ’s 
conclusions  as  to  the  probable  monodactyle  character  of  H.  antilopinum , based  on 
the  absence  of  the  facettes  for  the  lateral  metacarpals  or  tarsals,  on  the  ‘ cannon- 
bones  ’ assigned  to  this  species  by  Dr.  Ealconer,  must  likewise  fall  to  the  ground.  It 
may  be  observed,  however,  that  if,  as  was  almost  certainly  the  case,  the  hippotheres 
have  been  gradually  modified  into  the  true  horses,  they  must  at  some  time  or  other 
have  lost  their  accessory  digits,  and  the  anterior  ‘ pillar  ’ of  the  upper  molars  must 
have  been  become  connected  with  the  main  body  of  the  tooth.  It  is  quite  possible, 
therefore,  if  not  probable,  that  these  changes  did  not  take  place  synchronously, 
and,  accordingly,  there  would  be  nothing  improbable  in  meeting  with  an  animal 
having,  as  M.  Gaudry  considers  to  have  been  the  case  with  the  present  species,  the 
digitation  of  the  horse,  coupled  with  the  dentition  of  the  hippothere. 

There  are  but  few  limb-bones  in  the  Indian  Museum,  which  can  with  any  cer- 
tainty be  referred  to  this  species.  Among  these  may  be  mentioned  the  proximal 
phalangeals,  which  are  of  the  same  shape  as  the  corresponding  bone  of  the  next 
species  (plate  XIII),  but  about  two-thirds  the  size.  They  are  quite  different  from 
the  bone  assigned  by  Ealconer  to  this  species  in  the  “ Eauna  Antiqua  Sivalensis,  ” 
plate  LXXXIY,  figure  11. 

Comparison  with  E.  gracile. — As  far  as  can  be  judged,  it  appears  probable 
that  Dr.  Ealconer  distinguished  his  Indian  hippothere  from  the  European  species 
on  the  ground  of  its  smaller  size.  M.  Gaudry,  however,  in  his . great  works  on 
the  Pikermi  and  Mount  Leberon  fossils,  has  shown  that  the  latter  species  is  subject 
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to  such  variation  in  size,1  that  it  would  seem  that  this  ground  of  distinction  will 
not  hold ; and  we  are,  therefore,  driven  to  depend  on  the  characters  of  the  teeth 
themselves.  This  renders  the  task  of  indicating  precise  specific  characters  one  of 
great  difficulty,  as  there  are  such  extremely  insignificant  differences  between  the 
teeth  of  all  the  species  of  the  genus. 

Between  the  four  middle  upper  molars  of  H.  aniilopinum  figured  here,  and 
the  corresponding  teeth  of  H.  gracile,  I cannot  find  any  crucial  point  of  distinction, 
and  they  might,  as  far  as  I can  judge,  be  referred  to  the  same  species.  Almost  the 
only  difference  seems  to  be  that  in  the  Indian  form  the  anterior  s pillar  ’ is  more  com- 
pletely enclosed  in  the  cement,  and  is  hence  less  conspicuous  on  the  inner  surface. 

In  the  upper  milk-molars  a few  points  of  difference  can  he  detected  between 
the  European  and  Asiatic  forms.  In  the  former2  the  plications  of  the  central 
enamel  islands  are  less  complex  than  in  the  latter ; while  the  anterior  i pillars  ’ 
are  less  completely  embraced  in  the  crowns  of  the  teeth  in  the  former.  In  the 
second  milk-molar  of  H.  gracile  both  the  ‘ pillars  ’ are  connected  with  the  4 crescents 1 
by  isthmuses  of  dentine,  while  in  the  corresponding  tooth  of  H.  aniilopinum  both 
are  completely  isolated.  Eurther,  in  the  same  tooth  of  the  latter  there  is  a distinct 
infold  of  enamel  from  the  inner  side  of  the  produced  anterior  angle*  which  is 
entirely  wanting  in  the  corresponding  tooth  of  the  former. 

The  mandible  of  the  Indian  form  is  decidedly  more  curved  interiorly  than 
that  of  the  European  form. 

It  will  be  seen,  therefore,  that  the  points  distinguishing  H.  aniilopinum  from 
II.  gracile  are  extremely  slight,  and  it  is  not  improbable  that  von  Meyer’s  identifi- 
cation of  the  two  may  be  correct.  It  appears  to  me  best,  however,  seeing  that  there 
are  some  minute  points  of  difference,  to  retain,  at  all  events  for  the  present,  the 
two  specific  names,  though  it  may  be  doubted  whether  the  two  forms  should  be 
ranked  as  races  or  species. 

American  hippotheres. — All  the  American  species  of  the  genus  seem  to  be 
distinguished  by  the  simpler  structure  of  the  enamel  folds.  Should  any  of  them, 
which  is  extremely  unlikely,  turn  out  to  be  the  same  as  the  Indian  species,  the 
name  of  the  latter  has  the  priority  of  all. 

Distribution Remains  of  this  species  have  been  obtained  throughout  the 
sub- Himalayan  Siwaliks,  but  not  from  Sind  or  Burma.  An  atlas  of  a small  species 
of  horse  in  the  Indian  Museum  from  Perim  Island  has  been  referred  by  Dr.  Eal- 
coner,  with  considerable  probability  of  correctness,  to  the  present  species.  It  is 
uncertain  whether  the  liippotherian  teeth  from  China  in  the  British  Museum, 
mentioned  by  M.  Gaudry  in  the  passage  already  quoted,  should  be  referred  to  this 
or  the  next  species.3 

1 Compare  fig.  7,  pi.  XXXIV  of  “ Animaux  Fossiles  et  Geologie  de  l’Attique,”  with  fig.  9 of  pi.  V,  of  “ Ani- 
maux Fossiles  du  Mont  Leberon.” 

2 See  “ Animaux  Fossiles  du  Mont  Leberon,  ” pi.  V,  fig.  7. 

3 These  teeth  are  referred  to  in  the  “Quarterly  Journal  of  the  Geological  Society  of  London.”  Vol.  IX,  p.  354. 
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Species  2.  Hippothebium  theobaldi,  nobis. 

Synonyms — Equus  primigenitjs,  Meyer,  Sivalhippus  theobaldi,  nobis. 

History. — -As  stated  in  the  introduction,  certain  remains  of  this  species  were 
originally  described,1  as  belonging  to  a new  genus,  under  the  name  of  Sivalhippus 
theobaldi.  It  was,  however,  subsequently  discovered2  that  the  teeth  on  which  this 
new  genus  had  been  founded,  in  place  of  being  premolars,  as  was  originally  consi- 
dered to  be  the  case,  were  really  milk-molars,  and  were  then  seen  to  belong  to 
Hippotherium.  It  was  added  in  the  same  notice  that  certain  teeth  described  by 
H.  von  Meyer3  from  India,  as  belonging  to  H.  gracile , should  be  referred  to  the 
new  species  under  the  name  of  H.  theobaldi.  It  may  be  added  that  this  determina- 
tion was  made  under  the  erroneous  impression  that  von  Meyer  had  intended  to 
distinguish  the  teeth  in  question  from  H.  antilopinum,  whereas  he  had  intended  to 
unite  that  species  with  H.  gracile.  The  distinctness  of  this  species  rests  solely  on 
the  characters  of  the  upper  milk-molars,  the  true  molars,  which  are  referred  to  it, 
presenting  no  characters,  except  then  larger  size,  by  which  they  can  be  sufficiently 
distinguished  from  those  of  H.  antilopinum , and,  as  far  as  I can  judge,  closely 
resembling  the  corresponding  teeth  of  the  larger  variety  of  H.  gracile. 

Upper  milk-molars. — The  teeth  of  the  specimen  on  which  the  species  was 
originally  founded  are  represented  in  figure  4 of  plate  XI.  The  specimen  was 
obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the  village  of  Kaipar,  in  the  Punjab. 
It  consists  of  a fragmentary  portion  of  the  left  maxilla,  containing  three  complete 
teeth  (mm.  2,  mm.  3,  mm.  4)  and  the  broken  base  of  a smaller  anterior  tooth 
(mm.  1).  To  the  rear  of  the  last  tooth  (mm.  4)  there  is  seen  the  alveolus  of  a fifth 
tooth,  which  had  not  come  into  use  at  the  death  of  the  animal : this  shows  that  the 
existing  teeth  belong  to  the  milk-molar  series.  Erom  the  isolation  of  the  anterior 
4 pillars  ’ of  the  molars  the  specimen  must  be  referred  to  Hippotherium,  while  from 
the  great  difference  in  the  form  of  these  teeth  from  the  upper  milk-molars  of  H. 
antilopinum,  drawn  in  figure  2 of  the  same  plate,  it  is  inferred  that  they  must  be 
assigned  to  a second  Indian  species  of  the  genus,  which  it  has  been  proposed  to  call 
H.  theobaldi. 

The  teeth  belonged  to  a very  young  colt,  as  they  are  but  slightly  touched  by 
wear.  In  spite,  however,  of  the  very  small  degree  of  attrition  of  these  teeth,  the 
first  true  molar  had  cut  the  gum,  as  is  shown  by  the  condition  of  its  alveolus.  This 
unusually  early  appearance  of  this  tooth  seems  to  distinguish  this  jaw  from  the 
jaws  of  all  other  horses. 

The  first  tooth  was  small  and  sub-cylindrical.  The  remaining  teeth  are  oblong 
in  shape  (the  second  milk-molar  being  produced  into  the  usual  angle),  and,  thereby, 
seem  to  be  distinguished  from  those  of  other  species  of  the  genus,  which  are  more 


• R.  G.  S.  I.,’  Vol.  x,  P.  31. 


2 Ibid,  p.  82. 


3 “ Palaontographica,”  Vol.  XV,  p.  17. 
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nearly  square  in  shape;1  and  in  which  respect  they  resemble  the  milk-molars  of  the 
genus  Equus. 

The  points  distinguishing  these  teeth  from  the  corresponding  teeth  of  Eippo- 
therium  cmtilopinum  will  he  best  exhibited  by  a comparison  of  the  two  series.  In 
the  following  table  the  dimensions  of  the  specimen  under  consideration  are  given 
in  the  first  column,  and  those  of  the  corresponding  teeth  of  E.  antilopinum  in  the 
second. 


Length  of  three  last  milk-molars 
„ „ first  milk-molar 

Width  „ „ „ „ 

Length  „ second  „ „ 

Width  „ „ „ 

Length  „ third  „ „ 

Width  „ „ 

Length  „ fourth  „ „ 

Width  „ „ „ 


. 4-0  3'52 

. 0-32  0-48 

. ...  0-32 

. 1-55  1-42 

. 0-98  0-89 

. L28  1-01 

. 0-96  0-94 

. 1-30  1-1 

. 0-97  0-94 


These  dimensions  show  the  much  greater  proportionate  length  of  the  milk-molars 
of  the  former  species.  The  other  differences  are  the  following. 

In  H.  antilopinum , the  anterior  £ pillar  ’ is  sub-cylindrical,  and  completely  en- 
closed by  cement  in  the  mass  of  the  crown : the  posterior  4 pillar  ’ does  not  extend 
backwards  as  far  as  the  hinder  border  of  the  crown ; while  in  the  second  milk- 
molar  the  same  4 pillar  ’ is  disconnected  from  the  body  of  the  tooth.  The  enamel 
is  much  plicated,  and  the  cement  of  great  thickness. 

In  E.  theobaldi,  on  the  other  hand,  the  anterior  4 pillar  ’ is  much  compressed, 
so  as  to  be  longitudinally  elongated  ; it  also  stands  out  distinctly  from  the  crown, 
so  that  its  posterior  border  forms  a free  sharp  edge  : the  posterior  e pillar  ’ extends 
backwards  as  far  as  the  hinder  border  of  the  crown ; while  in  the  second  milk- 
molar  the  same  4 pillar  ’ is  united  with  the  adjacent  4 crescent.’  The  enamel  is  but 
slightly  plicated,  and  the  cement  thin. 

These  points  of  distinction  appear  to  me  so  marked  as  to  preclude  all  idea  of 
referring  the  two  specimens  to  the  same  species.  It  may  be  noticed  that  in  nearly 
all  the  points  in  which  the  milk-molars  of  H.  theobaldi  differ  from  those  of  IE.  an- 
tilopinum (and  also  from  those  of  II.  gracile ) they  approach  the  characters  of  the 
corresponding  teeth  of  Equus.  It  will  be  observed  that  4 sprigs  ’ of  enamel  jut 
forth  from  the  space  between  the  two  4 crescents'  very  close  to  the  anterior  ‘pillar,’ 
foreshadowing  the  connection  which  exists  in  Equus. 

The  milk -molars  of  H.  gracile , as  has  been  noted  above,  are  so  like  those  of 
E.  antilopinum , that  we  have  found  very  few  points  of  distinction  : hence  tlie  milk- 
molars  of  E.  theobaldi  will  differ  from  those  of  E.  gracile  in  much  the  same  points 
as  they  do  from  those  of  E.  antilopinum.  According  to  M.  Gaudry’s  figure  of  the 
milk-molars  of  E.  gracile , these  teeth  seem  to  be  slightly  more  elongated  than  those 
of  E.  antilopinum , and  are  therefore  intermediate  between  the  latter  and  those  of 

1 Vide  plate  XI,  fig.  2,  and  plate  V fig.  7,  of  “ Auimaux  Fossiles  du  Mont  Leberon.” 
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R.  theohaldi.  The  second  milk-molar  of  the  latter  species  agrees  with  the  corres- 
ponding tooth  of  R.  gracile  in  the  union  of  the  posterior  ‘ pillar  ’ with  the  adjacent 
‘crescent,’  and  differs  by  the  presence  of  the  infold  of  enamel  at  the  inner  side  of 
the  anterior  angle. 

Second  specimen. — In  a second  specimen  of  the  milk-molars  of  R.  theohaldi 
(Indian  Museum,  No.  C.  154)  from  Niki,  containing  the  two  last  teeth  of  that  series, 
the  essential  characters  are  the  same  as  in  the  type  specimen : the  dimensions  are 
as  follows : — 


1-12 

0- 87 

1- 2 


Length  of  third  milk-molar 
Width  „ „ 

Length  „ fourth  „ 
Width  „ „ „ 


0'88 


The  disproportion  between  the  two  diameters  is  here  greater  than  in  the  first 
specimen. 

Maxilla  of  first  specimen. — The  fragment  of  the  maxilla  in  which  the  figured 
teeth  are  contained  is  too  imperfect  to  give  any  idea  of  the  characters  of  the  cranium, 
except  the  fact  that  it  was  furnished  with  a very  large  lachrymal  depression  or 
‘larmier.’ 

Distinctness  as  a species. — I am  unable  to  find  in  any  of  those  of  the  American 
species  of  Rippotherium  of  which  the  milk-molars  have  been  described  any  close 
resemblance  to  the  teeth  described  above,  and  therefore  come  to  the  conclusion  that 
they  are  rightly  referred  to  a distinct  species. 

Upper  true  molars. — Seeing  that  the  upper  milk-molars  have  afforded  evidence 
of  two  species  of  Indian  hippotheres,  it  now  remains  to  discover  whether  we  can 
distinguish  between  the  true  molars  of  these  species.  In  figure  3 of  plate  XI,  there 
are  represented  four  teeth  of  the  left  upper  permanent  molar  series  of  a hippo- 
there  from  Mr.  Theobald’s  Niki  collection,  of  somewhat  larger  dimensions  than  those 
of  R.  antilopinum , and  also  differing  slightly  in  form  from  those  teeth.  Since  the 
upper  milk-molars  of  R.  theohaldi  are  somewhat  larger  than  those  of  R . antilopinum, 
it  is  inferred  that  the  same  rule  holds  good  with  regard  to  the  true  molars,  wherefore 
the  teeth  in  question  have  been  assigned  to  the  former  species.  It  may  he  added 
that  if  the  milk-molars  had  not  been  known,  it  would  have  been  doubtful  whether 
the  true  molars  would  have  afforded  ground  for  the  formation  of  two  species. 

The  figured  specimen  consists  of  a fragment  of  the  left  maxilla  containing  four 
complete  teeth,  and  the  alveolus  of  another  tooth  on  either  side  of  the  four  remaining 
ones.  The  second  remaining  tooth,  counting  from  the  left  (p.  m.  4),  is  less  worn 
than  either  of  the  teeth  on  its  two  sides,  and  must  accordingly  he  the  last  premolar : 
the  four  teeth  will,  therefore,  he  respectivly  the  third  and  fourth  premolars 
(p.  m.  3,  p.  m.  4),  and  the  first  and  second  true  molars.  The  crowns  of  the  teeth  are 
nearly  square  in  cross-section,  and  the  premolars  are  considerably  larger  than  the 
true  molars.  The  anterior  ‘pillars’  are  compressed  longitudinally,  and  stand  out 
distinctly  from  the  crown : small  processes  of  enamel  project  from  the  space 
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between  the  inner  ‘crescents’  towards  these  ‘pillars.’  The  posterior  ‘pillars ’are 
constricted  at  the  point  of  union  with  the  posterior  ‘ crescents  ; ’ this  constriction, 
however,  is  only  characteristic  of  an  early  stage  of  detrition  and  disappears  at  a later 
period,  as  is  shown  in  the  single  worn  tooth  represented  in  plate  XIII,  figure  1. 
The  enamel  is  much  plicated. 

In  figures  1 and  2 of  plate  XIII  are  represented  two  detached  upper  molar 
teeth  of  the  same  species,  the  first  of  which  (fig.  2 ) is  the  second  right  premolar, 
and  the  other,  the  third  or  fourth  of  the  left  side  of  the  same  series.  The  former 
tooth  is  figured  to  show  the  characters  of  the  first  premolar,  and  the  second  to  show 
a good  example  of  a well-worn  crown  of  one  of  the  middle  teeth.  The  only  point 
that  claims  any  particular  notice  is  that  there  is  a plication  of  the  enamel  on  the 
inner  side  of  the  produced  anterior  angle  of  the  second  premolar,  which  seems  to  be 
constant  in  all  specimens  of  this  tooth. 

The  dimensions  of  the  three  last  premolars,  and  the  second  and  third  true  mo- 


lars, are  as  follows  : — 

Length  of  four  teeth  of  specimen  drawn  in  plate  XI,  fig.  3 4/4 

Length  „ second  premolar  1'6 

Width  „ „ 1-1 

Length  „ third  1*24 

Width  „ „ 1-12 

Length  „ fourth  1'13 

Width  „ „ 1-15 

Length  „ first  true  molar l'O 

Width  „ „ „ 1-05 

Length  „ second  „ 1*03 

Width  „ „ „ 1-03 


Distinctions  and  differences. — As  I have  before  observed,  it  seems  doubtful 
whether  the  evidence  of  the  permanent  molars  alone  would  have  been  sufficient  for 
the  separation  of  the  present  species  from  the  last ; seeing,  however,  that  the  milk- 
molars  afford  undoubted  evidence  of  the  distinctness  of  the  two,  we  may  note  what 
points  of  difference  can  be  found  between  the  permanent  molars.  It  will  first  of 
all  be  seen  from  the  measurements  given  above  that  the  permanent  molars  of  H. 
theobaldi  are  of  considerably  larger  size  than  those  of  H.  antilopinum  ; in  the  former 
species,  moreover,  the  excess  of  size  of  the  premolars  over  the  true  molars  is  con- 
siderably greater  than  in  the  latter.  The  anterior  ‘pillars’  in  the  molars  of  the 
former  are  more  compressed  laterally,  and  stand  out  more  distinctly  from  the  body 
of  the  teeth  than  in  the  latter.  These  appear  to  be  the  main  points  of  difference 
between  the  permanent  molars  of  the  two  species. 

The  permanent  molars  of  H.  gracile  seem  to  be  in  general  somewhat  smaller 
than  those  of  II.  theobaldi ; while  their  anterior  ‘pillars’  are  more  cylindrical. 
The  projections  of  enamel  from  the  space  between  the  two  inner  ‘crescents’  do  not 
approach  so  near  to  the  anterior  ‘ pillars  ’ in  the  former  as  in  the  latter.  In  the 
second  premolar  of  the  European  species  the  folds  of  the  enamel  occurring  on  the 
inner  side  of  the  anterior  angle  of  this  tooth  in  the  Indian  species  are  wanting. 
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I cannot  identify  the  molars  of  the  present  species  with  any  of  the  American 
species  of  the  genus,  which  are  mostly  characterised  by  their  smaller  size,  and  by 
the  lesser  degree  of  plication  of  the  central  enamel  islands. 

Mandible. — In  figure  2 of  plate  XII  there  is  figured  a portion  of  the  left 
ramus  of  the  mandible  of  a Rippotherium , obtained  by  Mr.  Theobald  in  association 
with  the  maxilla  last  described,  and  which  doubtless  belonged  to  the  same  individual. 
The  specimen  was,  in  all  probability,  originally  complete,  but  has  been  broken,  and 
lost  some  pieces  during  the  process  of  extraction  from  its  bed.  The  parts  now 
remaining  comprise  the  greater  part  of  the  left  ramus,  from  the  base  of  the  coronoid 
process  to  the  commencement  of  the  symphysis,  but  wanting  a small  part  of  the 
middle,  and  the  last  premolar.  The  other  fragment  consists  of  the  hinder  half  of 
the  right  ramus  as  far  as  the  front  of  the  last  premolar.  The  figured  fragment 
shows  the  second  and  third  premolars  (pm.  2,  pm.  3),  and  the  three  true  molars  (m.  1 
to  m.  3),  while  the  right  ramus  contains  the  last  premolar  and  the  true  molars. 

The  jaw  belonged  to  an  animal  which  had  just  attained  to  full  maturity,  as  the 
last  true  molar  has  been  but  a short  time  in  use.  The  first  premolar,  or  milk-molar, 
has  disappeared.  The  teeth  are  of  large  size  and  great  thickness,  and  the  premolars 
are  much  larger  than  the  true  molars.1  The  cement  is  of  unusual  thickness, 
forming  distinct  ledges  on  the  sides  of  the  crown.  The  free  edges  of  the  enamel 
are  slightly  crenulated.  The  inferior  border  of  the  ramus  is  nearly  straight  below 
the  molars,  and  the  inflection  for  the  symphysis  commences  one  inch  in  advance  of 
the  second  premolar.  The  dimensions  of  the  specimen  (combining  those  of  the 
two  rami)  are  as  follows  : — 


Length  of  six  molars  .........  6'8 

Depth  „ jaw  at  second  premolar  .......  2‘08 

„ „ „ „ last  true  molar  . . . . . . . 41 

Length  „ second  premolar  . . . . . . . .1*3 

Width  „ „ 072 

Length  „ third  „ ........  i-13 

Width  „ „ ........  0-8 

Length  „ fourth  „ ........  ri2 

Width  „ „ 075 

Length  „ first  true  molar  . . . . . . . . l'O 

Width  . . . . . . . 0'68 

Length  „ second  T07 

Width  . 062 

Length  „ third  1‘3 

Width  „ „ . . ...  . . '.  . 061 


Distinctions  and  differences. — The  above  dimensions  indicate  an  animal  of 
somewhat  larger  size  than  the  Tibetan  kiang  ( Equus  hemionus).  The  teeth  are 
larger  and  stouter  than  those  we  have  assigned  to  R.  antilopinum,  the  increase  of 
thickness  being  due  in  great  part  to  the  large  quantity  of  cement.  The  inferior 
border  of  the  jaw  seems  to  be  straighten  than  in  that  of  H.  antilopinum.  Much 


In  the  figure  the  space  left  for  the  last  premolar  is  not  of  sufficient  length. 
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tlie  same  differences  occur  between  the  present  teeth  and  the  lower  molars  of 
R.  gracile.  The  jaw  of  R.  theobaldi  is  further  distinguished  from  that  of  R.  gracile 
by  the  smaller  interval  separating  the  first  of  the  molar  series  from  the  commence- 
ment of  the  symphysis. 

In  figure  4 of  plate  XII  there  are  represented  the  teeth  of  a broken  right 
ramus  of  the  mandible  of  an  equine  animal  collected  by  Mr.  Theobald  at  Jabi, 
in  the  Punjab.  The  specimen  shows  the  last  premolar  (pm.  4)  and  the  three 
true  molars  (m.  1,  m.  2,  m.  3).  As  no  remains  of  the  genus  Rquus  have  been 
obtained  from  the  district  where  this  specimen  was  collected,  it  is  inferred  to  belong 
to  Rippotherium.  In  the  dimensions  of  the  jaw  and  length  of  the  teeth,  the 
specimen  agrees  with  the  above  described  jaw  of  R.  theobaldi.  The  teeth  differ, 
however,  from  those  of  the  latter  specimen  by  the  enormous  quantity  of  cement 
with  which  they  are  coated,  especially  noticeable  in  the  premolar.  The  ‘ crescents  ’ 
seem  also  to  be  less  regular  in  form  than  in  that  specimen.  A third  mandible  in 
the  Indian  Museum  (No.  C.  161)  exhibits  less  cement  than  the  specimen  drawn  in 
figure  2 of  plate  XII,  and  it,  therefore,  seems  that  the  quantity  of  cement  cannot 
be  taken  as  a character  of  specific  value,  and  all  three  specimens  are  consequently 
referred  provisionally  to  one  and  the  same  species. 

Limb-bones. — Erom  the  fertile  fossil  locality  of  Niki,  in  the  Punjab,  so 
frequently  alluded  to  in  previous  pages,  Mr.  Theobald  has  obtained  several  portions 
of  limb-bones  of  a large  hippothere,  probably  belonging  to  the  same  individual  as 
the  upper  and  lower  jaws.  These  remains  comprise  the  upper  portion  of  a tibia,  the 
distal  ends  of  a pair  of  radii,  and  a hind  and  fore-foot  in  a more  or  less  complete 
state.  I have  nothing  to  note  on  the  first  three  of  these  specimens,  but  have  a few 
remarks  to  make  regarding  the  feet,  one  of  which  is  figured  in  plate  XIII,  figure  3, 
of  this  volume.  This  specimen  belongs  to  the  fore-limb,  as  is  determined  by  its 
difference  from  another  foot  with  a complete  metatarsal.  The  distal  extremity  of 
the  metacarpus  is  all  that  remains  of  that  bone : the  first  and  second  medial 
phalanges  are  complete,  but  the  terminal  phalange  has  been  broken.  On  the  right 
side  are  seen  the  three  phalanges  of  one  of  the  lateral  digits,  and  on  the  opposite 
side  the  distal  extremity  of  the  lateral  metacarpal.  The  central  metacarpal  bears 
flat  facettes  on  its  posterior  aspect  for  articulation  with  the  lateral  bones.  Erom 
the  slenderness  of  the  remaining  lateral  metacarpal  it  would  seem  that,  as  in 
R.  gracile , these  bones  did  not  extend  continuously  along  the  whole  length  of  the 
median  metacarpal.  The  bones  of  this  foot  seem  to  be  nearest  in  size  to  those  of 
the  stout  variety  of  the  Pikermi  hippothere  described  by  M.  Gaudry.1 

In  the  specimen  of  the  hind-foot  in  the  Indian  Museum,  the  lateral  digits  are 
smaller  than  in  the  figured  specimen  of  the  fore-foot. 

Distinctness  as  a species  and  distribution. — The  specimens  examined  above 
leave  but  little  doubt  as  to  the  former  existence  of  a second  species  of  Siwalik 
hippothere,  mainly  distinguished  from  R.  antilopinum  by  the  difference  in  the 

1 “Animaux  Fossiles  et  Geolcgie  de  l’Altique’,’  pi.  xxxv,  fig.  13. 
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structure  of  its  upper  milk-molars,  and  by  its  generally  larger  size.  The  remains  of 
this  species  are  at  present  only  known  to  me  from  the  Siwaliks  of  the  Punjab,  and 
from  Perim  Island : from  the  latter  locality  certain  upper  molars,  now  in  the 
Indian  Museum,  were  catalogued  by  Dr.  Ealconer  as  belonging  to  Equus } It  is 
not  impossible  that  the  extremity  of  the  mandible  of  an  equine  animal  from  Burma 
represented  in  figure  12  of  plate  LXXXII  of  the  “ Pauna  Antiqua  Sivalensis ” 
may  belong  to  the  present  species,  as  the  Irawadi  beds  generally  yield  fossils  of  an 
old  type.  It  is  also  possible  that  the  fossil  hippotherian  teeth  from  China,  referred 
to  above,  may  belong  to  this  species. 

Genus  II : EQUUS,  Linne. 

Horses  in  which  the  feet  are  normally  monodactyle  and  the  anterior  ‘ pillar 5 
of  the  upper  molars  united  throughout  its  length  with  the  adjacent  £ crescent.’ 

By  many  modem  zoologists  the  old  genus  Equus  is  subdivided  into  Equus,  con- 
taining the  horse  only,  and  Asinus,  containing  all  the  other  living  members  of  the 
family;  as,  however,  the  distinctions  between  these  two  groups  rest  solely  on  exter- 
nal characters,  they  are  manifestly  inapplicable  to  any  but  the  living  species. 

Species  1.  Equus  sivalensis,  Ealc.  and  Caut. 

Previous  history. — With  the  exception  of  the  notice  of  fossil  Indian  horses  by 
the  late  Sir  W.  E.  Baker  already  referred  to,  we  have  only  the  plates  in  the  “ Eauna 
Antiqua  Sivalensis  ” to  depend  upon  for  the  identification  of  this  species.  The 
specific  name  seems  to  have  first  appeared  in  that  work.  As  it  appears  to  me  that 
the  remains  of  two  species  have  been  figured  in  the  “Eauna  Antiqua  Sivalensis” 
under  the  name  of  E.  sivalensis,  it  is  necessary  to  determine  which  specimens  are 
to  be  considered  as  the  type  of  that  species.  I have  accordingly  taken  the  skull 
represented  in  figures  1,  1 a,  15  of  plate  LXXXI  of  that  work  as  the  type,  since  it  is 
the  most  perfect  specimen  figured. 

Upper  molar  series. — An  inspection  of  the  figures  of  the  teeth  in  the  above- 
mentioned  type  skull,  or  still  better,  of  those  of  a cast  of  the  same  specimen,  shows 
that  the  specimen  bears  the  two  last  premolars  and  the  three  true  molars.  The 
teeth  are  very  much  worn,  the  first  enamel  island  having  totally  disappeared  in 
the  penultimate  premolar,  and  both  these  islands  in  the  first  true  molar.  The 
grinding  surfaces  of  the  molar  series  are  characterised  by  the  small  size  of  the 
anterior  ‘ pillar  ’ in  the  premolars,  the  grinding  surface  of  which  is  never  larger 
than  the  same  surface  in  the  second  true  molar. 

Another  specimen  of  a much  worn  upper  molar  series,  drawn  in  figure  3 of 
plate  LXXXII  of  the  same  work,  exhibits  the  same  general  dental  characters. 

In  figure  2 of  plate  XIV  of  this  volume  is  represented  the  complete  left  upper 
permanent  molar  dentition  of  the  skull  of  a horse,  collected  by  Mr.  Theobald  in  the 

1 See  “ Pal.  Mem.,”  Vol.  I,  page  188. 
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Siwaliks  near  the  village  of  Padri  in  the  Punjab.  The  teeth  of  this  specimen  are 
in  an  intermediate  condition  of  wear,  and  the  first  premolar  (pm.  1)  is  seen  to  be 
persistent.  These  teeth  agree  with  the  specimens  last  noticed  in  the  comparative 
shortness  of  the  grinding  surface  of  the  anterior  ‘ pillars  5 of  the  premolars,  i.e.,  they 
are  not  longer  than  the  corresponding  surface  in  the  second  true  molar  (m.  2)  ; the 
specimen  is  accordingly  referred  to  the  present  species. 

In  figure  1 of  the  same  plate  there  are  represented  the  five  last  teeth  of  the 
right  upper  molar  series  of  a horse  obtained  by  Mr.  Theobald  from  the  higher 
Siwaliks  of  the  village  of  Rupur  in  the  Punjab.  These  teeth  are  somewhat  less 
worn  than  those  of  the  previous  specimen,  and  exhibit  the  characteristic  shortness 
of  the  grinding  surface  of  the  anterior  c pillars  ’ of  the  premolars,  this  being 
especially  noticeable  in  this  specimen,  where  this  surface  in  the  last  premolar  (pm.  4) 
is  shorter  than  in  the  first  true  molar  (m.  I). 

The  last  specimen  of  the  upper  molar  dentition  of  this  species  to  be  noticed  is 
contained  in  a fragment  of  the  right  maxilla : another  of  Mr.  Theobald’s  numerous 
Siwalik  specimens  (No.  C180,  Ind.  Mus.).  In  this  specimen,  which  has  not  been 
figured,  the  four  last  teeth  of  the  molar  series  are  exhibited,  the  last  true  molar 
having  only  just  come  into  wear : this  specimen,  therefore,  belongs  to  a younger 
individual  than  either  of  the  others.  In  it  the  length  of  the  grinding  surface  of  the 
anterior  ‘ pillar  ’ of  the  last  premolar  is  considerably  shorter  than  the  corresponding 
surface  of  the  first  true  molar,  the  respective  lengths  being  04  and  0 51  inch. 

Taking,  therefore,  the  five  specimens  above  mentioned,  which  exhibit  the  teeth 
at  all  stages  of  wear,  we  find  it  to  be  a constant  character  of  the  upper  molars  of 
Equus  sivalensis  that  the  grinding  surfaces  of  the  anterior  ‘ pillars  ’ of  the  premo- 
lars are  not  longer  than  those  of  the  later  true  molars,  and  are  frequently  shorter 
than  the  corresponding  surface  of  the  first  true  molar.  The  number  of  specimens 
examined,  and  their  different  ages,  leave  little  doubt  as  to  the  trustworthiness  of 
this  character.  It  may  be  noticed  that  a considerable  difference  occurs  in  the  size 
of  the  molars  of  the  two  specimens  figured  in  this  volume,  but  it  does  not  appear  to 
me  that  this  can  be  considered  as  more  than  an  individual  or  sexual  character.  In  the 
only  specimen  exhibiting  the  complete  molar  series,  the  first  premolar  (milk-molar) 
is  persistent,  and  of  considerably  larger  size  than  the  same  tooth  in  living  horses. 

Comparison. — The  difficulty  of  arriving  at  any  satisfactory  conclusion  merely 
from  a comparisons  of  the  teeth  of  the  horse-family  is  well  instanced  by  the  numerous 
so-called  species  which  have  been  made  from  the  European  fossil  remains  of  the 
domestic  horse  {Equus  coballus).  The  teeth  of  many  of  the  different  living 
species  are,  indeed,  so  much  alike  that  it  would,  I think,  be  impossible  to  distin- 
guish many  of  them  by  the  characters  of  the  molar  teeth  alone.  In  the  case 
of  the  fossil  Siwalik  horse,  from  the  materials  at  my  command,  my  comparisons 
must,  perforce,  be  limited  to  the  living  Asiatic  species. 

In  Equus  caballus  I cannot  discover  any  instances  where  the  anterior  ‘ pillar 5 
is  as  small  as  it  frequently  is  in  Equus  sivalensis.  In  the  former  the  second  pre- 
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molar  seems  always  to  be  worn  very  unequally,  being  more  abraded  in  front  than 
behind in  the  latter  the  wear  of  this  tooth  is  equable.  In  the  former,  again,  the 
first  milk-molar  is  of  much  smaller  size  than  in  the  latter,  and  comparatively 
seldom  persists.  The  larger  form  of  E.  sivalensis  indicates  an  animal  of,  at  least, 
fifteen  ‘ hands  ’ in  height. 

In  E.  onager , of  north-western  India  and  Persia,  the  anterior  c pillar  ’ in  all  the 
molars  is  of  large  size,  and  is  larger  in  the  last  premolar  than  in  any  of  the  true 
molars.  The  first  milk-molar,  if  developed,  seems  to  be  always  shed  at  a very 
early  period. 

In  Equus  hemionus,  or  the  kiang,  of  Tibet,  the  upper  molars  in  the  matter  of 
form  are  extremely  close  to  those  of  E.  sivalensis , and  it  seems  to  me  that  it  is 
doubtful  whether  we  could  distinguish  the  molar  series  of  the  two  forms  if  both 
were  found  in  the  fossil  state.  The  molars  of  the  living  species  do  not,  however, 
ever  attain  to  the  dimensions  of  the  larger  individuals  of  the  fossil  species.  In  the 
kiang,  moreover,  the  first  milk-molar  is  alway  very  minute,  and  in  all  the  skulls  that 
have  come  under  my  observation  is  shed  before  any  of  the  premolars  appear. 
These,  however,  are  but  slight  differences,  and  I cannot  but  think  that  there  is  a 
very  intimate  relationship  between  these  two  species,  an  inference  which  is  support- 
ed by  the  characters  of  the  crania  of  the  two  forms. 

Cranium.— The  specimens  of  the  cranium  which  can  with  certainty  be  referred 
to  this  species  are  two,  viz.,  the  one  already  referred  to  in  the  “ Eauna  Antiqua 
Sivalensis,”  and  the  one  in  the  Indian  Museum  to  which  the  molar  dentition  in 
figure  2 of  plate  XIV  belongs.  Both  these  specimens  have  lost  their  premaxillse. 
A third  skull  of  a Siwalik  horse,  in  the  Indian  Museum,  exhibits  these  bones,  but, 
as  all  the  molar  teeth,  except  the  two  last,  are  wanting,  I am  not  quite  sure  of  the 
species  to  which  that  specimen  belongs,  though  from  the  form  of  the  skull  I am 
inclined  to  refer  it  to  E.  sivalensis.  The  premaxillse  in  that  specimen  are  intermediate 
in  length  between  those  of  the  domestic  horse  and  the  kiang,  but  approach  nearer 
to  those  of  the  latter,  the  interval  separating  the  molar  series  from  the  incisors 
being  very  much  less  than  in  Equus  caballus. 

A specimen  of  the  extremity  of  the  premaxillse  of  a Siwalik  horse,  of  the 
species  of  which  I am  uncertain,  in  the  Indian  Museum 1 shows  that  the  incisors 
are  placed  very  obliquely.  The  specimen  represented  in  figure  5 of  plate  LXXXII 
of  the  “ Eauna  Antiqua  Sivalensis  ” exhibits  the  same  character.  This  oblique 
position  of  the  incisors  is  a character  distinguishing  EquUs  caballus  from  E. 
onager  and  E.  hemionus.  Unfortunately  I am  unable  to  say  whether  any  of  these 
specimens  of  the  premaxillse  belong  to  E.  sivalensis  or  to  the  next  species. 

The  cranium  of  E.  sivalensis  figured  in  the  “ Eauna  Antiqua  Sivalensis  ” is  of 
great  breadth  across  the  orbits,  a character  which  it  possesses  in  common  with  the 

1 No.  C.  186.  This  specimen  is  described  by  Falconer  on  page  187  of  vol.  I of  the  “ Palaeontological  Memoirs,” 
No.  805,  as  the  mandible 
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skull  of  E.  hemionus.  The  relative  proportions  of  the  skulls  of  the  above  mention- 
ed species  may  he  estimated  by  taking  the  length  of  the  molar  series  (inclusive  of 
the  persistent  milk-molar)  as  unity,  and  seeing  how  many  times  this  unit  is  contain- 
ed in  the  interval  separating  the  last  true  molar  and  the  foramen  magnum.  This 
gives  the  following  results  : — 


E.  onager = 1'07  1'07 

„ hemionus  . . =1‘15  1'15 

„ sivalensis  . . . ....  . . ’.  US  1*13  ) „ „ 

gg  1.16  j average  l‘14c 

„ cahallus = 1'26  ■) 


A distinct  trace  of  a ‘ larmial  * cavity  is  observable  in  the  skull  of  E.  siva- 
lensis, as  was  first  pointed  out  by  Professor  Huxley  in  the  passage  already  cited. 
No  living  horse  shows  any  trace  of  such  cavity,  though  it  is  well  developed  in  the 
hippotlieres. 

The  Siwalik  skulls  are  not  sufficiently  perfect  to  admit  of  any  closer  comparison 
with  those  of  living  species  ; the  points  already  observed,  however,  with  the  excep- 
tion of  the  doubtful  premaxillse,  certainly  indicate  a considerable  resemblance 
between  the  crania  of  E.  sivalensis  and  E.  hemionus , coupled  with  the  retention  by 
the  former  of  certain  ancestral  characters,  which  have  been  lost  in  the  latter. 

Mandible. — Two  views  of  the  greater  portion  of  the  horizontal  ramus  of  the 
right  side  of  the  mandible  of  a Siwalik  horse  are  given  in  the  “ Eauna  Anti qua  Siva- 
lensis ” (plates  LXXXI,  fig.  4 ; LXXXII,  fig.  2)1  under  the  name  of  Equus  siva- 
lensis. As  similar  jaws  are  not  uncommon  in  the  topmost  Siwaliks,  where  E. 
sivalensis  seems  to  be  the  commoner  species,  it  is  very  probable  that  this  reference 
is  correct,  though  it  cannot  be  considered  as  absolutely  certain. 

A very  similar  specimen,  comprising  the  two  rami,  is  in  the  collection  of  the 
Indian  Museum  (No.  C.184),  and  was  formerly  in  the  collection  of  the  Asiatic  Society 
of  Bengal ; its  description  by  Dr.  Ealconer  is  given  in  the  “ Palaeontological 
Memoirs.” 2 The  two  foregoing  specimens  show  that  the  lower  jaw  of  E.  sivalensis 
is  of  great  vertical  depth,  and  that  the  £ diastema 7 is  shorter  than  in  the  common 
horse,  and  thereby  comes  nearer  the  length  of  that  of  the  kiang.  The  following 
table  exhibits  the  chief  dimensions  of  the  two  Siwalik  jaws  (a,  British  Museum, 
b,  Indian  Museum  specimen)  and  the  corresponding  dimensions  of  the  jaws  of  E. 
caballus  and  E.  hemionus  ; — 

E.  cab.  E.  siv.  E.  hemi. 


Length  of  molar  series  .... 
Depth  „ jaw  behind  last  molars 
„ „ behind  last  premolar  . . 

M „ at  commencement  of  diastema.  . 
Length  „ diastema 


6 9 7-65  7-1  6 3 

4-35  4-9  5-1  3-7 

3-1  3-85  3-84  32 

22  2-85  2-8  2U5 

3-6  ...  2-6  2-4 


1 In  the  description  of  the  plates  it  is  not  mentioned  that  both  figures  are  taken  from  the  same  specimen ; the- 
second  figure  is  reversed. 

2 Vol.  I,  p.  186 
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These  dimensions  show  that  the  relative  proportions  of  the  fossil  jaw  are 
nearer  to  those  of  the  jaw  of  the  kiang  than  to  that  of  the  horse.  Unfortunately 
none  of  the  specimens  show  the  ‘ angle  * of  the  mandible,  in  which  there  is  such 
a marked  difference  in  the  two  living  species.  The  inferior  border  is  arched,  and 
very  thick  as  in  the  kiang. 

A symphysis  of  the  mandible  of  a fossil  horse  in  the  Indian  Museum,  one  of 
Mr.  Theobald's  Siwalik  collection,  shows  that  this  portion  of  the  jaw  was  elongated 
as  in  the  living  horse,  and  strikingly  different  from  the  corresponding  part  in  the 
kiang.  I cannot,  however,  say  whether  this  specimen  may  not  belong  to  E.  nama- 
dicus  ; it  agrees  exactly  in  form  with  the  symphysis  of  the  mandible  of  JE.  sivalensis 
from  the  Siwaliks  drawn  in  figure  6 of  Plate  LXXXII  of  the  “ Eauna  Antiqua 
Sivalensis,”  but  that  reference  may  be  incorrect.1 

Upper  mil/c-molars. — In  figure  1 of  plate  XY  are  represented  the  milk-molars 
of  a young  colt  of  a species  of  Equus  from  the  Siwaliks.  It  is  probable,  from  the 
evidence  of  a specimen  of  upper  milk-molars  from  the  Narbada  to  be  described 
under  the  head  of  the  next  species,  that  the  present  specimen  bolongs  to  JE.  sivalensis. 
These  teeth  agree  in  general  form  with  the  milk-molars  of  the  domestic  horse, 
presenting  the  elongated  form  usually  characteristic  of  the  deciduous  series.  These 
teeth  are  contained  in  a fragment  of  the  right  maxilla,  collected  by  Mr.  Theobald  ; 
the  portion  containing  the  first  milk-molar  has  been  broken  away. 

Other  remains. — The  Indian  Museum  possesses  a considerable  series  of  limb- 
bones  of  true  horses  from  the  Siwaliks.  It  is  not,  however,  possible  to  be  certain 
as  to  the  species  to  which  these  should  be  referred,  and  accordingly  only  such  of 
them  will  be  noticed  as  bear  on  the  question  of  the  reputed  monodactyle  character 
of  Uippotherium  antilopinum. 

Gannon  and  phalangeal  bones . — There  are  a considerable  series  of  ‘cannon  5 and 
phalangeal  bones  in  the  Indian  Museum,  obtained  by  Mr.  Theobald  from  the  upper 
Siwaliks  of  the  Kangra  district,  in  company  with  the  teeth  of  Equus  sivalensis , 
which  may  probably  be  referred  to  that  species,  and  certainly  to  the  genus  Equus , 
as  the  remains  of  j Uippotherium  have  not  been  obtained  from  these  higher  beds. 
These  bones  are  of  a slender  type,  and  many  of  them  agree  with  the  ‘ cannon  ’ and 
phalangeal  bones  figured  in  the  c£  Eauna  Antiqua  Sivalensis  ” as  belonging  to 
R.  antilopinum .2 

It  may  be  noticed  in  passing  that  the  last  mentioned  specimens  are,  as  already 
said,  those  on  the  evidence  of  which  M.  Gaudry  stated  that  H.  antilopinum  was  un- 
provided with  lateral  phalanges.  There  is  little,  if  any,  doubt  but  that  these  bones 
belong  to  Equus.  No  hippothere  has  the  first  phalangeal  bone  so  constricted. 

Other  corresponding  bones  are  figured  in  the  same  plate  of  the  “Eauna 

1 In  the  description  of  the  plate  the  specimen  is  erroneously  said  to  belong  to  the  maxilla. 

* PI.  LXXXV,  figs.  11  to  14. 
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Antiqua  Sivalensis  ” under  the  name  of  Equus  sivctlensis / but  of  somewhat  larger 
size.  It  is  not  impossible  that  these  two  types  of  bones  may  belong  to  the  two 
species  of  Siwalik  horses,  or  it  is  possible  they  may  be  merely  sexual  differences, 
as  we  have  noticed  considerable  variations  in  the  size  of  the  teeth  referred  to  E.  siva- 
lensis. 

The  proximal  phalangeal  bones  are  much  compressed  in  the  middle,  and  are  of 
an  elongated  type,  in  both  of  which  respects  they  resemble  the  phalangeals  of 
Equus  hemioniCs,  and  the  zebras,  and  differ  from  the  corresponding  bones  in  the  true 
horses.®  All  the  evidence  seems,  therefore,  to  connect  E.  sivalensis  with  the  asses 
and  zebras,  rather  than  with  the  domestic  horse. 

General  character  of  species. — Judging  by  the  remains  above  enumerated, 
which  can  certainly  be  referred  to  the  present  species,  it  would  seem  that  E.  siva- 
lensis was  most  nearly  allied  to  the  Tibetan  kiang,  but  that  in  its  retention  of  a 
‘ larmial  \ cavity  and  of  the  relatively  large  persistent  first  upper  milk-molar,  and  in 
the  small  size  of  the  grinding  surfaces  of  the  anterior  c pillars,’  it  retained  characters 
connecting  it  with  the  ancestral  genus  Rippotherium.  If  certain  remains  belong 
to  this  species,  in  the  inclination  of  its  upper  incisors  and  the  form  of  the  symphysis 
of  the  mandible  it  more  nearly  approached  the  horse ; this  is,  however,  doubtful. 
On  the  whole,  I think  it  not  improbable  that  this  species  may  have  been  the 
ancestor  of  the  living  kiang  of  Tibet. 

Distribution. — Remains  of  £7.  sivalensis  have  been  hitherto  obtained  only 
from  the  higher  beds  of  the  sub-Himalayan  Siwaliks  to  the  eastward  of  the  river 
Jhelum. 


Species,  2 Eqtjtjs  namadicits,  Ealc.  and  Cant.. 

Synonym  E.  palseonus,  F.  and  C. 

Ristory. — In  plates  LXXXI  and  LXXXII  of  the  “ Eauna  Antiqua  Sivalensis  ” 
are  represented  certain  specimens  of  the  cranium,  teeth,  and  jaws  of  fossil  horses 
under  the  names  of  E,  namadicus  and  E.  palceonus  from  the  pleistocene  deposits  of 
the  Narbada  valley.  It  has  already  been  stated  that  these  remains  in  all  probability 
belong  to  the  same  species,  and  they  will  be  so  considered  here.  There  are  no 
means  of  knowing  on  what  grounds  the  authors  of  the  above-quoted  work  distin- 
guished the  Narbada  from  the  Siwalik  horse,  and  it  is  possible  that  the  distinction 
was  made  merely  on  the  grounds  of  the  different  formations  whence  the  speci- 
mens were  obtained.  In  the  following  descriptions  certain  molar  teeth  from 
the  Siwaliks  will  be  noticed  differing  from  those  we  have  referred  to  E.  sivalensis , 
and,  as  far  as  can  be  determined  with  the  materials  at  command,  apparently  agree- 
ing with  the  molars  of  the  fossil  horse  from  the  Narbada  beds.  There  is,  how- 
ever, as  already  said,  always  very  considerable  difficulty  in  determining  the  species 

1 Figs.  7,  8.  2 See.  De  BlainviUe’s  “ Osteographie”  ‘Equus,’  pi.  V. 
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of  horses  "by  means  of  the  molar  series  alone,  and  there  is  consequently  a certain 
possible  element  of  doubt  in  the  following  determinations. 

Upper  molars. — In  figure  3 of  plate  XV  of  this  memoir  are  represented  the 
earlier  molar  teeth  of  a true  horse  from  the  Narbada  bone-beds,  collected  several 
years  ago  by  Mr.  Hacket  of  the  Geological  Survey.  These  teeth  are  implanted  in 
a fragment  of  the  left  maxilla.  At  the  anterior  end  of  the  series  is  seen  the 
broken  base  of  the  first  premolar,  or  persistent  milk-molar  (pm.  1),  followed  by  the 
remaining  three  premolars  (pm.  2 to  pm.  4),  while  the  last  complete  tooth  is  the 
first  true  molar  (m.  1).  The  anterior  teeth  are  determined  to  be  premolars  from  the 
fact  of  the  last  of  them  (pm.  4),  being  less  worn  than  the  succeeding  tooth 
(m.  1). 

A comparison  of  these  teeth  with  the  upper  molars  of  E.  namadicus  repre- 
sented in  plate  LXXXII,  figure  7 of  the  “ Eauna  Antiqua  Sivalensis,”  will  leave 
little  doubt  but  that  the  two  belong  to  the  same  species.  They  differ  from  the 
corresponding  teeth  of  E.  sivalensis  by  the  larger  size  of  the  anterior  ‘ pillar  ’ in  the 
last  premolar. 

Siwalik  specimens. — In  figure  3 of  plate  XIV  of  this  memoir  there  is  repre- 
sented the  left  maxilla  of  a horse,  collected  by  Mr.  Theobald  in  the  topmost 
Siwaliks  of  the  Hushiarpur  district  of  the  Punjab,  exhibiting  all  the  teeth  of  the 
molar  series  with  the  exception  of  the  first  premolar,  or  milk-molar  (pm.  1),  of 
which  only  the  broken  base  remains.  These  teeth  belong  to'  the  permanent  series, 
and  are  in  an  intermediate  condition  of  wear : an  inspection  of  the  figure  will 
at  once  show  that  they  differ  very  markedly  from  the  molars  of  E.  sivalensis  repre- 
sented in  figure  2 of  the  same  plate.  This  difference  mainly  consists  in  the  greater 
length  of  the  grinding  surfaces  of  the  anterior  c pillars  ’ of  the  last  two  premolars 
(pm.  3,  pm.  4),  which  exceeds  the  length  of  any  of  the  corresponding  surfaces 
in  the  true  molars.  All  the  anterior  e pillars  ’ are,  indeed,  very  much  larger  than 
those  of  the  molar  series  of  E.  sivalensis. 

The  great  difference  in  the  form  of  the  anterior  4 pillars  5 of  these  teeth  from 
those  of  the  molars  of  E.  sivalensis  figured  in  the  same  plate,  appears  to  leave 
little  doubt  but  that  they  belong  to  another  species.  Comparing  them  with  the 
teeth  of  E.  namadicus  from  the  Narbada,  noticed  above,  the  two  series  are  seen 
to  agree  very  closely  in  the  great  relative  size  of  the  anterior  * pillar  ’ of  the  last 
premolar,  though  in  the  Siwalik  specimen  the  same  ‘pillar’  in  the  penultimate 
premolar  (pm.  3)  is  equally  well  developed.  Both  specimens,  however,  agree  in 
the  relatively  large  size  of  the  grinding  surfaces  of  the  anterior  ‘ pillars,’  especially 
in  the  premolars,  and  I think  it  not  impossible  that  the  two  may  belong  to  the  same 
species.  This  inference  is  confirmed  by  a specimen  of  the  right  maxilla  of  a 
horse  represented  in  figure  4 of  plate  XY,  and  collected  by  Mr.  Theobald  in  the 
Siwaliks  of  the  Punjab,  which  seems  to  be  intermediate  between  the  two  specimens 
above  described. 

The  specimen  of  a right  maxilla  of  a horse  from  the  Siwaliks,  represented  in 
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plate  LXXXII,  figure  1 of  the  “ Eauua  Antiqua  Sivalensis,”  under  the  name  of 
E.  sivalensis,  appears  to  agree  with  the  last  mentioned  specimen. 

Einally,  taking  the  Narbada  specimen  as  the  type  of  the  teeth  of  E.  ncmiadicus, 
it  seems  highly  probable  that  the  specimen  represented  in  plate  XY,  figure  4,  belongs 
to  the  same  species,  and  this  being  so,  it  is  difficult  to  separate  the  specimen  repre- 
sented in  plate  XIY,  figure  3,  which  certainly  does  not  belong  to  E.  sivalensis , and 
if  not  referred  to  E.  namadieus  must  belong  to  a new’  species. 

Tipper  milk-molars. — If  the  permanent  molars  described  above  have  left  any 
doubt  as  to  there  being  two  species  of  fossil  Indian  true  horses,  this  doubt  is  at  once 
dispelled  if  the  upper  milk-molars  of  a horse  from  the  Narbada  represented  in  figure  2 
of  plate  XY  are  compared  with  the  corresponding  teeth  from  the  Siwaliks  represented 
in  figure  1 of  the  same  plate.  These  teeth  are  implanted  in  a fragment  of  a right  maxil- 
la, collected  by  Mr.  Hacket  in  the  pleistocene  deposits  of  the  Narbada  valley.  At  the 
right  side  of  the  figure  is  seen  the  small  first  milk-molar  (mm.  1),  immediately 
behind  which  a fragment  of  the  second  milk-molar  (mm.  2),  and  the  germ  of  the 
displacing  second  premolar  can  be  seen ; the  two  next  teeth  (mm.  3,  mm.  4)  are  the 
third  and  fourth  milk-molars,  as  is  proved  by  their  state  of  wear,  and  by  the  germs 
of  replacing  premolars  below  them  ; while  the  last  tooth  (m.  1)  is  the  first  true 
molar. 

By  comparing  these  teeth  with  the  upper  milk-molars  represented  in  figure  1 of 
the  same  plate,  and  referred  to  E.  sivalensis f the  essential  difference  between  the  two 
wrill  be  at  once  apparent.  The  present  milk-molars  differ  indeed  from  those  of  any 
species  of  true  horse  with  which  I am  acquainted  by  the  nearly  square  form  of  their 
grinding  surfaces,  and  thereby  approach  the  milk-molars  of  some  of  the  hippotheres, 
like  II.  antilopinum. 

As  no  other  species  of  horse,  besides  E.  namadieus , is  known  from  the  Narbada 
these  teeth  are  provisionally  referred  to  that  species : taken  with  the  Siwalik  milk- 
molars  they  unquestionably  prove  the  existence  of  two  species  of  fossil  Indian 
horses. 

Comparisons. — Assuming  that  all  the  specimens  described  above  belong  to 
E.  namadieus,  we  may  predicate ' of  that  species  that  the  upper  molars  are  distin- 
guished by  the  relatively  great  length  of  the  grinding  surfaces  of  the  anterior 
‘ pillars/  a character  especially  well-marked  in  the  premolars,  but  that  there  is  a 
certain  amount  of  variability  in  this  character.  The  species  is  further  distinguished 
from  all  living  horses  by  the  square  form  of  the  crowns  of  the  upper  milk-molars ; 
and  is  also  marked  by  the  very  general  retention  of  the  first  milk-molar  in  the  per- 
manent series,  though,  judging  from  the  specimens  figured  in  the  “ Fauna  Antiqua 
Sivalensis,”  this  character  is  not  always  noticeable ; when  present  the  persistent 
first  milk-molar  is  always  of  much  larger  size  than  in  existing  horses. 

In  Equus  caballus  the  grinding  surfaces  of  the  anterior  ‘pillars’  of  the 
upper  true  molars  are  about  equal  in  size  to  those  of  E.  namadieus.  In  the 
premolars  they  are,  however,  smaller.  The  enamel  islands  in  the  existing  horse 
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generally  exhibit  less  plication  of  their  borders,  and  the  first  milk-molar,  if  present, 
is  always  smaller  than  in  E.  namadicus. 

In  E.  hemionus  the  grinding  surfaces  of  the  anterior  ‘ pillars  ’ of  the  upper 
molars  are  of  comparatively  small  size,  and  the  first  milk-molar  is  always  shed  at 
an  early  period. 

In  E.  onager  the  anterior  ‘pillars’  of  the  upper  molar  series  present  a 
close  resemblance  to  those  of  E.  namadicus,  their  grinding  surfaces  being  long, 
and  that  surface  in  the  last  premolar  being  longer  than  in  any  other  tooth.  In  the 
recent  species,  however,  the  central  enamel  islands  have  their  borders  less  plicated 
than  in  the  fossil,  and  the  small  first  milk-molar  disappears  at  an  early  age. 

I am  unable  to  make  any  comparisons  between  the  teeth  of-  E.  namadicus 
and  those  of  the  living  African  Equidce,  and  I cannot  identify  them  with  any  of  the 
fossil  European  or  American  forms. 

Skull. — Erom  a cast  of  the  incomplete  skull  figured  in  plate  LXXXI,  figures 
5 and  6,  of  the  “ Eauna  Anti  qua  Sivalensis,  ” the  only  comparison  that  I can  make  is 
that  the  skull  belongs  to  the  elongated  type  of  that  of  the  common  horse,  the 
relative  length  of  the  molar  series  to  that  of  the  interval  between  the  last  true 
molar  and  the  foramen  magnum  being  1 to  1'28.  This  shows  that  in  respect  to 
the  skull,  E.  namadicus  is  more  nearly  related  to  the  horse  than  to  the  wild  asses 
of  Asia  (see  above,  p.  24). 

Mandible. — In  the  “ Eauna  Antiqua  Sivalensis  ” (plate  LXXXI,  fig.  V)  a lower 
jaw  of  a fossil  horse  from  the  Narbada,  referred  to  E.  namadicus,  seems  to  be  indistin- 
guishable from  that  referred  to  E.  sivalensis.  This  opens  up  the  question  whether 
the  jaw  referred  to  the  latter  is  correctly  determined,  and  whether  it  may  not  really 
belong  to  E.  namadicus ; on  the  other  hand,  it  is  quite  likely  that  E.  sivalensis 
may  occur  in  the  Narbada.  As  there  seems  at  present  no  means  of  settling  this 
question,  I have  adopted  provisionally  Ealconer’s  determination  of  the  mandible 
of  E.  sivalensis,  and  shall  merely  refer  here  to  another  form  of  mandible  from  the 
Siwaliks,  which  may  belong  to  E.  namadicus.  The  teeth  of  the  specimen  in 
question  are  represented  in  figure  5 of  plate  XII  of  this  volume ; they  comprise 
the  three  true  molars.  The  specimen  consists  of  a portion  of  the  right  ramus  of 
the  mandible,  and  was  obtained  by  the  late  Conductor  J.  Dawe,  from  the  Siwaliks 
in  the  neighbourhood  of  Nahan  ; it  was  referred  by  Dr.  Ealconer  to  E.  sivalensis. 
The  elongated  teeth  and  the  bold  loops  of  the  enamel  render  it  probable  that  the 
specimen  belongs  to  Equus.  The  jaw  is  more  slender  than  the  specimen  figured  in 
the  “ Eauna  Antiqua  Sivalensis  ” as  the  mandible  of  Equus  sivalensis,  and  yet  the 
teeth  are  of  absolutely  larger  size,  indicating  the  probability  of  the  specific  distinct- 
ness of  the  two  specimens.  It  would  be  unsafe  to  make  any  more  precise  attempt 
at  the  specific  identification  of  the  present  specimen. 

Other  remains. — In  figures  9,  10,  11  of  plate  LXXXII  of  the  “ Eauna  Anti- 

} See  " Pal.  Mem.”  Vol.  I,  p.  187  (No.  307)'. 
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qua  Sivalensis,  ” there  are  represented  the  anterior  extremities  of  the  skull  and 
mandible,  and  the  lower  milk-molar  dentition  of  a fossil  horse  from  the  Narbada, 
under  the  name  of  Equus  palceonus.  As  the  corresponding  parts  of  the  skeleton 
of  E.  namadicus  are  not  represented  in  the  “ Fauna  Antiqua  Sivalensis ,”  it  is  now 
impossible  to  understand  what  could  have  induced  the  authors  of  that  work  to  separate 
these  remains  from  E.  namadicus.  Until,  therefore,  any  evidence  which  should 
lead  to  the  adoption  of  a contrary  view  be  produced,  these  remains  are,  following  the 
suggestion  of  the  late  M.  Lartet,  referred  to  that  species.  The  name  of  E.  palceonus 
must  consequently  be  abolished.  The  remains  above  noticed  do  not  present  any 
characters  requiring  special  notice. 

Distribution. — Remains  of  E.  namadicus  have  been  obtained  from  the  pleisto- 
cene beds  of  the  Narbada,  and  if  the  above  determinations  be  correct,  from  the 
topmost  Siwaliks,  in  company  with  Bubalus  palceindicus  and  Camelus  sivalensis, 
in  beds  which  are  probably  high  up  in  the  pliocene  series,  if,  indeed,  they  also  do 
not  belong  to  the  pleistocene.  Remains  of  a fossil  horse  have  been  obtained  from 
the  older  alluvium  of  the  Jamna  valley,  very  possibly  belonging  to  the  present 
species,  though  this  cannot  be  certainly  determined. 

If  it  should  turn  out  that  the  identification  of  the  second  species  of  Siwalik 
horse  with  E.  namadicus  be  incorrect,  the  former  remains  will  have  to  be  referred 
to  a new  species. 

List  of  the  more  important  recent  works  and  memoirs  on  the  osteology  and  palaeon- 
tology of  Equus  and  Hippotherium,  consulted  in  this  memoir. 

Baker,  W.  E. 

“ Selected  specimens  of  the  Sub-Himalayan  Fossils  in  the  Dadupur  Collection.”  1 Fossil 
Horses/  ‘ Jour.  As.  Soe.,  Bengal/  Yol.  IY,  p.  566. 

Burmeister,  H. 

“ Los  caballos  fossiles  de  la  Painpa  argentina.”  Buenos  Ayres.  1875.  {Equus  neogaus 
E.  principalis,  E.  argentinus,  and  E.  curvidens). 

Falconer,  H. 

‘ Letter  from — regarding  Siwalik  fossils/  c Jour.  As.  Soc.,  Bengal/  Vol.  IV,  p.  58  (Hip- 
potherium) . 

„ AND  CaTJTLEY. 

“ Fauna  Antiqua  Sivalensis.”  London,  about  1846. 

„ and  Walker.” 

“ Catalogue  of  Fossil  Vertebrata  in  Museum,  As.  Soc.,  Bengal.”  Calcutta,  1859. 
Forsyth — Major,  J.  C. 

“ Beitrage  zur  Geschicte  der  fossilen  Pferde,  inbesonclere  italiens.”  “ Aband.  d.  Schweiz, 
pal.  Gesel.”  Yols.  IV.  and  VII. 

Georgi. 

‘ Etudes  zoologiques  sur  les  Hemiones  et  quelques  autres  especes  chevaliues.”  ‘ Ann.  Sci. 
Nat/  Zoologie.  Ser  5.  Vol  XII.,  p.  5,  1869. 
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Ger vais,  P. 

“ Zoologie  et  Paleontologie  Francises.”  Paris,  1859,  cap.  vi. 

Gaudry,  A. 

“ Animaux  Fossiles  et  Geologie  de  FAttique.”  Paris,  1862 — 67  {Hippotherium  gracile). 

“Animaux  Fossiles  du  Mont.  Leberon,”  Paris,  1873.  ( Hippotherium  gracile ; milkden- 

tition). 

“Les  Enchainements  du  Monde  Animal,  etc.”  Paris,  1878,  cap.  v. 

Gray,  J.  E. 

“ Catalogue  of  Carnivorous,  Pachydermatous,  and  Edentate  Mammalia  in  the  British 
Museum.”  Londou,  1869. 

“ Hand-List  of  the  Thick-skinned  and  Ruminant  Mammalia  in  the  British  Museum.” 
London,  1873. 

“Notes  on  the  skulls  of  Equus  hemionus  and  Equus  Jciang .”  c P.  Z.  8/  1849. 

“ Revision  of  Family  Equidae.”  f Zool.  Journal/  Yol.  I,  p.  241,  1825. 

Hensel. 

“ Uher  Hipparion  mediterraneum.”  ‘ Abhand.  d.  k.  Akad.  d.  Wissen.  z.  Berlin/  1861, 
p.  27. 

Huxley,  T.  H. 

“Anatomy  of  Vertebrated  Animals.”  London,  1871. 

Kaup,  J. 

“ Beitrage  zur  naheren  Kentniss  der  urweltlicheu  Saugethiere.”  Darmstadt  and  Leipsic, 
part  5.  [ Hippotherium  gracile  and  H.  mediterraneum .] 

Kowalevsky,  W. 

“ Sur  F Anchilherium  aurelianense  (Cuv.)  et  sur  l’Histoire  Palaeontologique  des  Chevaux.” 
‘ Mem.  d.  1.  Akad  Imp.  d Sci.  d.  S.  Pet/  Ser.  7,  Vol.  XX,  No.  5. 

Leidy,  J. 

“ Contributions  to  the  Extinct  Vertebrate  Fauna  of  the  Western  Territories.”  Philadel- 
phia, 1873.  ' \Equus  occidentalis  and  E.  major. ] 

Lydekker,  R. 

“ Notices  of  New  and  other  Vertebrata  from  Indian  Tertiary  and  Secondary  Rocks.” 
c R.  G.  S.  1/  Yol.  X.  p.  31  \Sivalhippus  theobaldi]. 

“ New  or  Rare  Mammals  from  the  Siwaliks.”  Ibid.  p.  82  [ Sivalbippus  shown  to  be 
Hippotherium ] . 

“Note  on  some  Siwalik  & Jamna  Mammals.”  Ibid.  Vol.  XV,  (in  the  press)  \_Equus 
from  Jamna  alluvium.] 

“ Observations  on  the  Ossiferous  Beds  of  Hundes  in  Thibet/’  Ibid  Vol.  XIV,  p.  178. 
(Occurrence  of  remains  of  horses  in  those  deposits). 

Meyer,  H. 

“ Uber  die  fossilen  Reste  von  Wirbelthieren,  welche  die  Herren  von  Schlagintweit  von 
ihren  Reisen  in  Indien  und  Hoch-Asien  mitgebract  haben.”  ‘ Palaontographica/ 
Vol.  XV,  p.  1.  (Shows  that  Siwalik  hippothere  = European  if.  gracile ). 

Murchison,  C. 

“The  Palaeontological  Memoirs  of  the  late  Hugh  Falconer,”  Vol.  I,  p.  186.  London. 
1868. 
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Owen,  R. 

es  Description  of  the  Cavern  of  Bruniquel  and  its  Organic  Contents,”  part  2.  ‘ Phil.  Trans.’ 

1871,  p.  535. 

“ Fossil  Mammalia,”  ‘ Zoology  of  the  Voyage  of  the  Beagle .’  London  1840. 

“ History  of  British  Fossil  Mammals  and  Birds.”  London,  1846. 

“ Odontography,”  London,  1840-45. 

“ On  Fossil  Remains  of  Equines  from  Central  and  South  America  referrable  to  Equus  con- 
versidens  Owen,  Equus  tau,  Owen,  and  Equus  arcidens3  Owen.”  ( Phil.  Trans.’ 
1871,  p.  559. 

POLIAKOF,  M. 

“ Supposed  New  Species  of  Horse  from  Central  Asia.”  ‘ Ann.  Mag.  Nat.  Hist.’  Ser.  5 
Vol.  VIII,  No.  43,  p.  16.  [Equus prezewalkski]. 

Pomel,  A. 

“ On  the  Occurrence  of  a Species  of  Hippotherium  in  Algeria.”  f Bui.  Soe.  Geol.’  Vol.  VI, 

p.  213. 

Ryder,  J.  A. 

“ Evolution  and  Homologies  of  the  Incisors  of  the  Horse.”  ‘Proc.  Acad.  Phil.’  1877, 

p.  152. 

Rutimeyer,  L. 

“ Beitrage  zur  Kenntniss  der  fossilen  Pferde,  &c.,”  ‘ Verhand,  d.  natfor,  Gesel  in  Basle,’ 
Vol.  Ill,  No.  4. 

“ Weitere  Beitrage  zur  Beurtheilung  der  Pferde  der  Quaternar — Epoche.”  f Abhand,  d 
Schweiz,  pal.  Gesel.’  1875. 


NOTE. 

For  the  American  species  the  numerous  memoirs  of  Messrs.  E.  D.  Cope,  J.  Leidy,and  0.  C.  Marsh,  in  the  publica- 
tions of  the  American  Surveys,  and  in  the  “American  Journal  of  Science  and  Art,”  have  been  consulted,  but  are  not 
quoted  at  length,  as  the  species  described  do  not  approach  the  Indian  forms.  A recent  memoir  by  Veterinary  Surgeon 
Thomas,  of  the  French  Cavalry,  entitled  “ Eecherches  sur  Pquides  fossiles  des  environs  de  Constantine,” 1 is  not  pro- 
curable in  India,  and  may  contain  species  not  mentioned  in  my  list.  The  second  part  of  Professor  Forsyth  Major’s 
memoir  only  reached  India  while  the  above  was  passing  through  the  press,  and  the  new  species  therein  mentioned  is 
therefore,  only  incidentally  referred  to. 

1 !Bul.  Soc,  d.  Sci.  phys.  et  Nat,  d’  Alger,’  1879. 
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SIWALIK  CAMELOPARDALIDAi 

By  R.  LYDEKKER,  B.A.,  F.Z.S., 

GEOLOGICAL  SURVEY  OF  INDIA. 

[WITH  PLATES  XVI  TO  XXII.] 


Order : UNGULATA/Div.  ARTIODACTYLA. 

Family:  CAMELORARDALIDjE. 

Terms  employed  in  description  of  molars. — la  describing  the  upper  molars  of 
ruminant  Artiodactyla  in  this  and  succeeding  parts  of  the  present  work,  the  follow- 
ing terms  will  be  employed,  viz. : — 

Anterior  lobe— Antero-external  column  of  crown  (PI.  XYI,  fig.  7 — a). 

Posterior  „ =Postero  „ „ ,,  ( ibid  c ). 

Anterior  cm<?<m£=Antero-internal  „ „ ( ibid  b). 

Posterior  „ =Postero  „ „ „ ( ibid  d). 

Accessory  tubercle= Tubercle  between  the  two  crescents. 

Dorsum  = External  surface  of  tooth. 

Costoe  = Ridges  on  dorsum. 

Cingulum  = Belt  surrounding  base  of  crown. 

Enamel  pits  or  islands  — Spaces  enclosed  by  folds  of  enamel  between  the  lobe  and  crescent 
of  each  division  of  the  crown. 

Median  valley  = The  space  separating  the  two  crescents  internally. 

In  the  lower  molars  the  same  terms  will  be  employed,  with  the  exception,  that 
from  the  fact  of  these  teeth  being  the  reverse  of  the  upper  ones,  the  ‘ crescents  ’ will 
be  on  the  outer,  and  the  e lobes  ’ on  the  inner  sides  of  the  teeth.  In  the  last  lower 
tooth  of  both  the  deciduous  and  the  permanent  series,  the  additional  division  will  be 
termed  the  third  or  accessory  column  ; this  may  contain  both  a £ lobe  ’ and  a c cres- 
cent,’ or  may  consist  of  the  latter  only. 

Definition  of  Camelopardalidee. — The  family  Camelopardali’dce  is  represented 
at  the  present  day  by  the  single  genus  Camelopardalis , and  that  genus  only  by  the 
giraffe  or  camelopard  {Q.  girajfa)  of  Southern  Africa.  In  past  geological  periods, 
however,  the  genus  was  represented  by  several  species,  which  once  inhabited  the 
European  and  Asiatic  continents,  and  fro  m which  the  African  form  may  have  taken 


100—2  INDIAN  TERTIARY  AND  POST-TERTIARY  VERTEBRATA. 


its  origin.  Tlie  solitary  living  representative  of  this  peculiar  family  is  one  of  the 
most  highly  specialised  and  abnormal  of  existing  ruminants,  and,  according  to  Pro- 
fessor Owen',  “is  in  some  respects  intermediate  between  the  ‘hollow-horned’  [as 
represented  by  the  Antelopes]  and  ‘ solid-horned  ’ ruminants,  though  partaking  more 
of  the  nature  of  the  deer.”  Professor  Murie-  observes  that  “ the  giraffe  is  hut  a 
modified  deer,”  and  this  kinship  is  especially  marked  in  the  structure  of  the  molar 
teeth,  which  approximates  to  that  of  certain  members  of  the  deer  family,  such  as 
the  true  elk  ( Aloes ) and  the  so-called  Irish  elk  ( Megaceros ).  The  so-called  horns  of 
the  giraffe,  moreover,  approach  nearer  in  structure  to  the  antlers  of  the  deer  (e.  g. 
the  pedicles  of  the  antlers  of  the  mantjac)  than  to  the  horns  of  the  antelopes.  In 
the  structure  of  its  intestines,  and  the  normal  absence  of  the  galkbladder,  the 
giraffe  resembles  the  deer,  but  the  occasional  development  of  the  Tatter  appendage 
recalls  antelopine  affinities.  In  some  respects,  as  in  the  form  of  the  ‘ angle  5 of  the 
mandible,  the  giraffe  decidedly  shows  a nearer  approach  to  the  antelopes  than  to 
the  deer.  The  lachrymal  vacuity  in  the  skull  is  a cervine  character. 

Although  palaeontologists  have  described  several  fossil  representatives  of  the 
genus  Camelopardalis,  they  have  not  hitherto  decidedly  admitted  into  the  family 
any  other  genus  with  the  exception  of  Qrasius  of  Wagner,  founded  upon  certain 
molar  teeth  of  a giraffe-like  animal  from  the  ossiferous  deposits  of  Pikermi.  These 
teeth 3 are  distinguished  from  those  of  Camelopardalis  by  the  presence  of  a distinct 
‘ cingulum,’  and  by  the  more  complex  form  of  the  last  true  molar. 

M.  Gaudry,  however,  has  indicated 4 the  near  affinity  of  the  genus  Ilellado- 
tlierium  of  the  Pikermi  beds  to  the  giraffe,  the  former  having  been  originally  referred 
to  the  same  genus. 

In  the  course  of  the  present  memoir  it  will  be  shown  that  some  of  the  large 
fossil  ruminants  from  the  Siwaliks  present  characters  allying  them  on  the  one  hand 
with  Sivatherium,  which  Professor  Murie5  has  made  the  type  of  the  family 
Sivatheridse,  and  on  the  other  with  the  giraffe,  and  that  they  so  completely  bridge 
over  the  gulf  existing  between  these  two  animals  that  it  appears  to  the  author  to  be 
necessary  to  include  them  all  in  one  family, — the  Camelopardalidce, — having  the 
giraffe  at  one  end  and  the  sivathere  at  the  other 6.  In  the  course  of  this  memoir  it  will 
be  shown  that  the  whole  of  the  family  is  probably  more  closely  allied  to  the  deer  than 
to  any  other  group  of  mammals.  This  view  is  in  opposition  to  that  of  Dr.  Murie, 
who  was  inclined  to  separate  the  sivathere  entirely  from  the  giraffe,  and  to  connect 
it  with  the  prongbuck  (Antilocapra)  and  the  saiga  antelope. 

1 “ Anatomy  of  Vertebrates,”  Vol,  II,  pp.  463-464. 

2 “ Geological  Mag.,”  Vol.  VIII,  p.  446. 

3 Wagner,  “ Nachtrage  zur  Kenntniss  der  fossilen  Hufthier  Ueberreste  von  Pikermi.”  (Sitz.  d.  k.  baieri 
Akad.  d.  Wissens,  July  13th  1861).  I have  no  doubt  that  the  lower  molars  figured  by  Wagner  as  belonging  to  an 
animal  allied  to  the  giraffe  are  really  the  lower  molars  of  bis  genus  Orasius. 

4 Animaux  Possiles  et  Gdologie  de  1’  Attique,”  p.  259. 

5 “Geol.  Mag.,”  Vol.  VIII,  p.  438  et  seq. 

6 A notice  of  tlie  intimate  relationship  of  the  above-mentioned  animal  was  published  by  the  author  in  1882. 
(R.  G.  S.  L>  Vol.  XV,  p.  30.) 
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Genera  of  Camelopardalidce. — The  family  Camelopardalidce,  as  thus  extended, 
will  include  the  following  seven  genera,  which  are  placed,  as  far  as  this  can  be 
determined  from  the  materials  available,  in  the  order  of  their  relationship  to  one 
another,  indicating  a gradual  diminution  in  the  length  of  the  limbs  and  of  the  neck 
from  the  giraffe  to  the  sivathere  : — 

Camelopardalis,  Linne. — India,  Africa,  and  Europe. 

Orasius,  Wagner. — Europe. 

V ishnutherium,  LjAekker. — India. 

Helladotherium,  Gaudiy.— Europe  and  India. 

Hydaspitherium,  Lydekker. — India. 

Bramatherium,  Falconer. — India. 

Sivatherium,  Falc.  and  Caut. — India. 

In  this  list  Orasius  is  placed  next  to  Camelopardalis  solely  on  the  evidence  of 
its  molar  teeth,  its  limbs  and  skull  being  still  unknown ; its  position  may,  therefore, 
have  to  he  changed.  The  place  of  Vishnutherium  is  decided  from  the  evidence  of 
limb-bones  provisionally  assigned  to  it.  Helladotherium,  of  which  almost  the 
entire  skeleton  is  known,  is  placed  above  Hydaspitherium , because  the  hornless 
cranium  allies  it  more  nearly  with  the  giraffe  than  with  the  sivathere ; its  limbs,  how- 
ever, seem  to  have  been  shorter  than  those  of  the  latter  genus,  from  which  evidence 
it  should  he  placed  nearer  the  sivathere.  This  discrepancy  shows  that  a strictly 
iineal  arrangement  of  the  genera  is  impracticable.  The  three  last  genera  are  associ- 
ated on  account  of  the  complex  structure  of  their  horns ; the  limbs  of  the  first  and 
second  are  longer  than  those  of  the  third. 

The  whole  of  the  family  is  confined  to  the  old  world  h 

Characters  of  family . — The  family  Camelopardalidce,  as  thus  extended,  will 
embrace  a group  of  animals  characterised  by  the  highly  reticulate  or  rugose  structure 
of  the  enamel  of  them  molar  teeth,  and  by  the  general  similarity  in  the  structure 
of  these  teeth.  They  may  be  completely  unprovided  with  horns  or  (?)  antlers 
( Helladotherium ),  or  these  appendages  may  be  more  complex  than  in  any  living 
ruminant  ( Bramatherium  and  Sivatherium).  The  horns  of  the  giraffe,  the  one  living 
member  of  the  group,  are  permanently  enveloped  by  the  skin,  and,  as  already  said, 
seem  to  have  more  relationship  with  the  antlers  of  the  deer  than  with  the  horn-cores 
of  the  cavicorn  ruminants.  The  structure  of  the  horns  of  the  fossil  forms  is  unknown  ; 
but  as  these  horns  do  not  show  a ‘ burr  ’ like  the  antlers  of  the  deer,  they  were  almost 
certainly  persistent,  and  were  perhaps  covered  with  a deciduous  horny  sheath.  In 
length  of  limb  these  animals  ranged  from  the  proportion  prevailing  among  the 
oxen  to  that  of  their  most  specialised  member,  the  giraffe. 

The  grouping  of  the  above-mentioned  genera  in  a single  family  and  in  serial 
order  is  not  meant  to  indicate  that  one  genus  is  the  descendant  of  the  other,  but 

1 Megacerops  of  the  American  tertiaries  was  formerly  described  as  an  ally  of  the  Sivatherium  hy  Prof. 
Cope  (“  Pro.  Acad.  Nat.  Sci.  Phil.,”  January  3rd,  1870),  and  as  such  quoted  by  Dr.  Murie  in  his  memoir  on  Sivatherium, 
(Geol.  Mag.,  Vol.  VIII).  Dr.  Leidy  (“Contributions  to  Extinct  Vert.  Fauna  of  Western  Territories,”  p.  239)  showed 
that  the  genus  belonged  to  the  order  Dinocerata  of  Marsh. 
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merely  that  their  relationship  is  so  close  as  to  indicate  blood  affinity.  As  the  long- 
limbed  Siwalik  giraffe  liyed  contemporaneously  with  the  short-limbed  sivathere,  it  is 
evident  that  the  evolution  of  the  long-limbed  member  had  taken  place  long  previ- 
ously to  pliocene  times  ; and  the  genera  with  limbs  of  intermediate  length  merely 
indicate  that  they  are  survivors  from  those  animals  which  formed  the  chain  connect- 
ing iu  a direct  line  the  giraffe  with  its  unknown  short-limbed  ancestor. 

Object  of  memoir. — In  the  following  pages  a considerable  series  of  hitherto 
undescribed  remains  belonging  to  several  of  the  above-mentioned  genera  will  be 
noticed  more  or  less  fully,  and  the  leading  characters,  as  far  as  they  are  known, 
of  the  Indian  genera  will  be  touched  upon.  In  treating  of  each  genus,  the  bones  of 
the  lower  part  of  the  limbs  and  more  especially  the  ‘canon-bones’  will  be  taken  as  a 
guide  in  the  estimation  of  the  proportions  of  the  limbs  of  their  owners  The 
genera  will  be  discussed  in  the  order  in  which  they  are  arranged  above.  The  present 
memoir  is  not  intended  as  a description  of  all  that  is  known  regarding  the  osteology 
of  the  fossil  members  of  this  family,  on  which  subject  numerous  memoirs  have 
already  appeared.  It  is  rather  intended  to  illustrate  the  relationship  of  the  different 
members  to  one  another,  and  the  position  of  the  family  in  the  mammalian  class.  Eor 
details  the  reader  is  referred  to  the  memoirs  previously  published  to  which  refer- 
ences are  abundantly  given. 

Genus  I : CAMELOPARDALIS,  Linne. 

Number  of  species. — The  following  list  gives  the  number  of  named  species 
belonging  to  this  genus,  and  their  distribution: — 

1.  Camelopardalis  attica,  Gaudry  and  Lartet,  Europe ; (?)  miocene. 

2.  Camelopardalis  biturigum1,  Duvernoy,  Europe ; miocene. 

3.  Camelopardalis  girappa,  Linne,  South  Africa ; recent. 

4.  Cameloparadlis  sivalensis,  Ealc.  and  Caut.,  India ; pliocene. 

( C . affinis , Ealc.  and  Caut.) 

5.  Camelopardalis  vetusta,  Wagner,  Europe;  (?)  miocene. 

The  so-called  Camelopardalis  duvernoyi  (Gaudry  and  Lartet)  belongs  to  Hellado- 
therium  ; and  Camelopardalis  eximia  of  Wagner  is  the  same  as  Orasius  eximius  z. 

Characters  of  molars. — According  to  Professor  Owen 3,  the  characteristic  points 
of  the  upper  molars  of  the  genus  Camelopardalis  are  as  follows  : the  median  ‘ costa  ’ of 
the  ‘ dorsum  ’ of  the  anterior  ‘ lobe  ’ is  more  prominent  than  any  other  part  of  that 
surface,  while  in  the  posterior  * lobe  ’ the  anterior  * costa  ’ is  more  prominent  than  the 
median.  The  enamel  pits  penetrate  deeply  into  the  crown,  and  are  not  completely 
separated  from  one  another  until  a late  period  of  detrition.  The  ‘ accessory  tubercle  ’ 
is  reduced  to  a very  small  basal  rudiment,  and  the  enamel  is  unusually  rugose.  No 

1 ? = Kelladotherium  (Owen,  “ Palaeontology,”  2nd  Ed.,  p.  409). 

8 Apparently  by  an  error,  M.  Gaudry  (“  Animaux  Fossiles  et  Geologie  de  1’  Attique,”  page  250)  quotes  this 
species  as  Camelopardalis  ( Orasius)  speciosa. 

3 “ Odontography,”  p.  534. 
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‘ cingulum  ’ is  present.  In  the  lower  molars  the  first  true  molar  is  very  generally 
distinguished  by  the  presence  of  a large  ‘ accessory  tubercle,’  and  in  the  third 
the  c accessory  column  ’ is  of  large  size,  shows  a distinct  median  island,  and  a con- 
sequent division  into  an  inner  and  an  outer  moiety.  The  ‘ lobes  ’ are  placed 
obliquely  to  the  long  axis  of  the  crown. 

Species  : Camelopardalis  sivalensis,  Falc.  and  Caut. 

Syn.  C.  affinis,  Falc.  and  Caut. 

History  and  'previous  notices. — The  first  notice  of  the  occurrence  of  a fossil 
giraffe  in  the  Siwaliks  was  made  by  the  late  Sir  (then  Captain)  P.  T.  Cautley,  in 
a note  communicated  to  the  Asiatic  Society  of  Bengal1,  in  1838,  in  which  a cervical 
vertebra  and  certain  molar  teeth  were  noticed,  and  considered  to  belong  in  all 
probability  to  a species  of  giraffe.  At  a later  period  a joint  notice  of  these  and 
other  remains  of  giraffes  was  communicated  by  Messrs.  Palconer  ard  Cautley  to 
the  Geological  Society  of  London,  and  an  abstract  of  the  same,  with  illustrations 
published  in  the  ‘ Proceedings  ’ of  that  Society  for  1813 a.  This  abstract  and  plate  are 
copied  in  the  “ Palaeontological  Memoirs  ” 3.  In  that  paper  the  authors  came  to  the 
conclusion  that  the  third  cervical  vertebra  belonged  to  an  animal  one-third  smaller 
than  the  living  giraffe,  to  which  they  assigned  the  name  of  Camelopardalis  sivalen- 
sis, while  the  molars  belong  to  a species  equalling  in  size  the  living  species,  to 
which  they  assigned  the  provisional  name  C.  affinis.  In  1845  Dr.  Palconer  con- 
tributed a notice  to  the  Geological  Society  4,  in  which  a second  specimen  of  a cer- 
vical vertebra  of  a fossil  giraffe  ivas  described,  and  referred  to  C.  sivalensis,  from  its 
agreeing  in  size  with  the  Siwalik  specimen.  In  1859  Dr.  Palconer  described 5 two 
lower  jaws  of  a ruminant  in  the  collection  of  the  Asiatic  Society  of  Bengal  as 
probably  belonging  to  Camelopardalis  sivalensis.  In  the  same  catalogue  two  limb- 
bones  were  referred  to  the  same  species,  one  of  which  (radius)  is  said  to  have 
equalled  in  size  the  corresponding  bone  of  the  living  giraffe. 

In  1862  M.  Gaudry6  made  a few  remarks  on  the  Indian  fossil  remains 
of  Camelopardalis. 

In  1865  two  lower  ruminant  molars,  collected  by  the  Messrs.  Schlagintweit 
in  the  Siwaliks,  near  Nurpur  in  the  Punjab,  were  described  and  figured  by  the 
late  H.  Von  Meyer 7,  who  doubtfully  referred  them  to  Camelopardalis,  without 
attempting  to  determine  their  species. 

In  1868,  after  the  death  of  Dr.  Palconer,  the  description  of  plate  E.  of  the 
“ Pauna  Antiqua  Sivalensis  ” (an  autotype  copy  of  which  is  now  obtainable 
in  London)  appeared,  compiled  from  Dr.  Palconer’s  notes.  In  this  description 

1 “ J.  A.  S.  B.,”  Vol.  7,  p.  658. 

2 No.  98. 

3 Vol.  I,  p.  190,  pi.  XVI. 

4 “ Q.  J.  G.  S.,”  Vol.  I,  p.  356  ; and  “ Pal.  Mem.,”  Vol,  I,  p.  391. 

5 “ Cat.  Foss.  Vert.  Mus.  A.  S.  B. ; ” and  “ Pal.  Mem.,”  Vol.  I,  p.  206. 

6 Loc.  cit.,  p.  250. 

7 “ Palantographica,”  Vol.  XV,  p.  29,  figs.  1-5. 
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the  whole  of  the  specimens  figured  are  classed  under  the  head  of  Camelo- 
pardalis sivalensis.  The  specimens  comprise  the  original  type  Siwalik  cervical 
vertebra  (fig.  1) ; another  cervical  vertebra  from  Perim  already  noticed  (fig.  2) ; and 
a so-called  first  cervical  vertebra1  from  the  Siwaliks  (fig.  11),  apparently  of  much 
larger  dimensions,  and  seemingly  as  large  as  the  corresponding  bone  of  Camelo- 
pardalis giraffa. 

The  nomenclature  of  this  large  specimen,  as  well  as  of  some  large  limb-bones 
figured  in  the  same  plate,  is  a somewhat  noteworthy  point,  as  it  would  lead  to  the 
inference  that  the  authors  of  the  “ Eauna  Antiqua  Sivalensis  ” had  by  this  time 
abandoned  their  distinction  between  Camelopardalis  sivalensis  and  C.  affinis. 

In  1876  a notice  appeared  by  myself 3 in  which  it  was  concluded  that  there 
was  only  evidence  of  one  species  of  Siwalik  giraffe  which  should  be  termed  C. 
sivalensis „ In  that  notice  a comparison  was  made  between  the  dimensions  of  the 
Siwalik  cervical  vertebra  and  that  of  a living  giraffe,  both  measurements  being  given 
by  Messrs.  Ealconer  and  Cautley.  Unfortunately  it  had  not  been  observed  that  the 
vertebra  of  the  living  species  was  stated  to  have  belonged  to  a small  and  not  fully 
developed  individual ; the  comparisons,  therefore,  fall  to  the  ground,  and  hence, 
apparently,  the  conclusions  regarding  the  identity  of  the  two  Siwalik  species.  It  will, 
however,  be  shown  subsequently  that  on  other  grounds  this  conclusion  must  pro- 
bably be  maintained.  In  the  course  of  the  above-quoted  notice,  it  was  shown  that 
the  teeth  in  the  collection  of  the  Asiatic  Society  of  Bengal,  and  now  in  the  Indian 
Museum,  doubtfully  referred  by  Dr.  Ealconer  to  Camelopardalis  sivalensis , really 
belonge  pto  some  totally  different  genus. 

Later  on  in  the  same  year,  a portion  of  the  right  ramus  of  the  mandible,  with 
the  last  premolar  and  the  first  and  second  true  molars,  of  a Siwalik  giraffe  was  des- 
cribed and  figured  by  myself 3 under  the  name  of  C.  sivalensis.  This  jaw  and  teeth 
were  shown  to  be  of  considerably  larger  dimensions  than  the  corresponding  parts  of 
the  skull  of  Q.  giraffa  with  which  they  were  compared,  and  the  fossil  premolar 
was  shown  to  be  distinguished  by  its  more  elongated  form  from  the  recent  tooth. 

In  1878  several  teeth  and  jaws  of  giraffes  and  giraffe-like  animals  were  de- 
scribed at  some  length  by  myself 4 in  a paper  which  will  be  frequently  quoted  in  the 
course  of  this  memoir.  In  that  notice  it  was  concluded  that  there  was  probable 
evidence  of  the  existence  of  three  species  of  Siwalik  giraffes.  Subsequently  acquired 
specimens  have,  however,  rendered  it  probable  that  two  of  these  species  must  be 
merged  in  one,  while  the  third  probably  belongs  to  another  genus. 

The  above  comprehend  the  previous  notices  of  this  species  of  any  importance, 
and  we  may  now  proceed  to  the  description  of  the  specimens  forming  the  subject 
of  this  memoir. 

1 It  would  appear  from  this  specimen,  which  is  certainly  not  an  * atlas  ’ vertebra,  that  Falconer’s  numbering 
of  the  cervical  vertebrae,  comprehends  only  the  vertebrae  behind  the  axis ; hence  the  vertebra  called  by  him  the 
first  is  really  the  third,  and  so  on. 

2 “ R.  G.  S.  I,”  Vol.  IX,  p.  104. 

3 Supra,  Vol.  I.,  p.  58,  pi.  VII,  figs.  14,  15. 

R.  G.  S.  1.,”  Vol.  XI,  p.  83. 
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Upper  molars. — In  figures  1 and  2 of  plate  XYI  of  the  present  memoir  are 
represented  specimens  of  the  third  and  fourth  upper  premolars 1 and  of  the  three 
true  molars  of  a fossil  giraffe,  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the 
Punjab.  These  teeth  are  contained  in  two  fragments  of  the  maxilla  of  opposite  sides, 
and  belonged  to  the  same  individual.  It  is  probable  that  the  whole  skull  was  im- 
bedded in  the  sandstone  from  which  the  teeth  were  obtained,  and  was  broken  up  by 
the  villagers  who  brought  the  teeth  to  Mr.  Theobald,  since  the  mandible  represented 
in  figure  5 of  the  same  plate  almost  certainly  belonged  to  the  same  animal,  though 
obtained  a year  later.  The  upper  molars,  are  those  already  described  in  the  notice  in 
the  eleventh  volume  of  the  “ Records  ” 2,  the  greater  part  of  which  is  repeated  here. 

The  two  last  teeth  in  figure  2 (m.  2,  m.  3)  agree  precisely  (allowing  for  the 
difference  in  wear)  with  the  two  corresponding  teeth  figured  by  Messrs.  Ealconer  and 
Cautley  under  the  name  of  Camelopardalis  affinis 3,  and  undoubtedly  belong  to  the 
same  species.  As  we  shall  show  subsequently  that  that  species  cannot  be  separated 
from  Camelopardalis  sivalensis  (the  first-named  species),  we  refer  the  original  speci- 
mens, and  others  like  them,  to  the  latter  species.  The  general  form  of  the  figured 
teeth  is  so  close  to  that  of  the  teeth  of  the  living  species  that,  as  stated  by  Messrs. 
Ealconer  and  Cautley,  it  requires  the  aid  of  the  callipers  to  distinguish  them.  In  the 
following  table  the  dimensions  of  Mr.  Theobald’s  specimens  are  given  in  the  first 
column,  while  in  the  second  are  given  those  of  the  specimens  described  in  Messrs. 
Ealconer  and  Cautley’ s memoir4,  and  in  tbe  third  column  are  given  the  correspond- 
ing dimensions  of  the  molars  of  an  adult  skull  of  Camelopardalis  Qiraff'a,  of  unknown 
sex,  in  the  collection  of  the  Indian  Museum.  The  dimensions  given  in  the  fourth 
column  are  those  given  by  Messrs.  Ealconer  and  Cautley,  taken  from  an  adult 
female  skull  of  the  same  species  in  the  Museum  of  the  Royal  College  of  Surgeons. 


0.  SIVA 

LKNSIS.  . 

C.  GIRAFFA. 

Mr.  Theobald’s 
specimen. 

Indian  Museum 

College  of  Surgeons 
specimen  $. 

Length  of  penultimate  premolar 

0-8 

1-08 

1-08 

095 

Width  of  „ .... 

0-98 

1-22 

1-22 

112 

Length  of  last  „ .... 

0-98 

09 

Width  of  „ „ 

1’06 

11 

Length  of  first  true  molar  .... 

1-07 

11 

Width  of  „ „ .... 

11 

1-2 

Length  of  second  „ .... 

119 

1’21. 

Width  of  „ .... 

135 

1-45 

1 35 

1-35 

Length  of  third  ,, 

1’27 

1 2 

1 21 

Width  of  „ „ .... 

1’25 

1-4 

1 3 

1-3 

Length  of  second  and  third  true  molars  . . . 

21 

2-5 

2-55 

2’ 5 5 

1 In  this  memoir  the  premolar  teeth  of  ruminants  will  be  numbered  according  to  those  of  the  typical  series,  though 
the  first  tooth  is  never  developed. 

2 Pages  84-5. 

3 “ Pal.  Mem.,”  Vol.  I,  pi.  XVI,  figs.  5,  5a. 

4 Loc.  cii.,  pp.  202-3. 
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This  table  shows  that  while  Ealconer  and  Cautley’s  specimens  are  slightly 
larger  than  those  of  the  living  species,  Mr.  Theobald’s  specimens  are  slightly 
smaller,  thus  indicating  a certain  amount  of  variation  in  the  size  of  the  upper 
molars.  It  further  shows  that  in  the  two  specimens  (one  recent,  and  the  other 
fossil),  in  which  the  whole  premolar  and  molar  series  is  exhibited,  the  fossil  form 
is  distinguished  by  the  penultimate  being  larger  than  the  last  premolar,  the  reverse 
of  this  arrangement  obtaining  in  the  recent  form. 

In  describing  their  specimens,  Messrs.  Ealconer  and  Cautley  notice  the  presence 
of  three  small  tubercles  on  the  inner  surface  of  two  specimens  of  the  penultimate 
upper  premolar,  which  were  wanting  in  the  corresponding  tooth  of  the  recent  skull 
examined  by  them.  The  recent  skull  in  the  Indian  Museum  likewise  shows  the 
absence  of  these  tubercles.  In  my  first  description  of  the  specimens  figured  in  this 
memoir  these  tubercles  were  likewise  stated  to  be  absent,  but  a more  thorough  cleans- 
ing of  the  specimen  has  shown  that  one  broad  and  flat  tubercle  exists  on  the  hinder 
half  of  the  inner  aspect,  probably  corresponding  with  the  two  posterior  tubercles  on 
the  original  specimen . As  far,  therefore,  as  the  materials  at  hand  go,  the  presence  of 
tubercles  on  the  inner  aspect  of  the  penultimate  upper  premolar  does  seem  charac* 
teristic  of  the  fossil  teeth.  None  of  the  figured  specimens  show  any  trace  of  the 
minute  tubercle  at  the  entrance  of  the  median  valley  so  generally  occurring  in  the 
upper  molars  of  the  living  species.  Some  of  Messrs.  Ealconer  and  Cautley’s  speci- 
mens and  others  in  the  Indian  Museum  do,  however,  present  this  tubercle.  Some 
specimens  of  the  last  true  molar  show  a rudimentary  ‘ cingulum  ’ on  their  anterior 
face. 

Two  other  specimens  of  upper  molars  of  Siwalik  giraffes,  from  among  Mr. 
Theobald’s  Siwalik  collection,  call  for  a moment’s  notice.  One  of  these  specimens 
(No.  B.  180)  is  a portion  of  the  right  maxilla,  showing  the  first  and  second  true 
molars,  the  first  being  only  just  touched  by  wear.  These  specimens  cannot  be  dis- 
tinguished from  the  figured  teeth,  except  by  the  presence  of  a small  process  project- 
ing from  the  posterior  ‘ crescent’  into  the  central  pit.  A last  upper  molar  (B.  846) 
however,  agreeing  precisely  in  all  other  respects  with  the  corresponding  tooth  re- 
presented in  figure  2 (m.  3),  presents  a similar  process,  so  that  it  would  seem  that 
the  presence  or  absence  of  this  process,  like  the  tubercle  in  the  median  valley,  can 
only  be  reckoned  as  an  individual  character. 

The  other  specimen  also  consists  of  a fragment  of  the  right  maxilla  (No.  B.177), 
and  shows  the  penultimate  and  last  premolars,  and  the  first  true  molar.  The  latter 
tooth  agrees  precisely  with  the  first  true  molar  in  No.  B.  180  even  down  to  the  pre- 
sence of  the  process  in  the  posterior  pit,  but  is  distinguished  by  the  presence  of  a 
tubercle  in  the  median  valley.  The  dimensions  of  the  three  teeth  above  mentioned 
are  given  below  : — 


Length  of  first  true  molar 
Width 

Length  of  second  „ 
Width  „ „ 


No.  B.  180. 

1-15 

1-14 

1-3 


No.  B.  170. 


1-12 

1-11 


1*3 
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Taking  all  the  teeth  noticed  above  together,  it  is  apparent  that  there  is  a certain 
amount  of  variability  in  the  matter  both  of  size  and  structure  in  the  upper  molars  of 
the  Siwalik  giraffe,  and  that  as  a series  they  are,  as  remarked  bj  Messrs.  Falconer  and 
Cautley,  “ all  but  indistinguishable  from  those  of  the  Nubian  giraffe;  ’*  and  if  we 
had  no  remains  but  the  upper  molar  teeth,  it  is  very  doubtful  whether  any  distinction 
could  be  drawn  between  the  living  and  the  fossil  forms. 

Mandible  and  lower  molars.—* In  Messrs.  Falconer  and  Cautley’s  original  notice , 
the  described  teeth  of  the  lower  jaw  were  a last  lower  molar  of  the  left  side  \ and  the 
last  premolar  of  the  same  side  2.  The  specimen  described  by  myself  in  the  first 
volume  of  this  series 3 showed  the  last  premolar  and  the  first  and  second  true  molars. 
In  my  notice  in  the  “ Records  ” 4 two  specimens  of  the  last  lower  molar  were  noticed 
and  considered  to  belong  to  distinct  species.  Since  that  notice  was  written  the  right 
ramus  of  the  mandible  represented  in  figure  5 of  plate  XYI  of  this  memoir  has  been 
obtained  by  Mr.  Theobald  5,  and  seems  to  invalidate  the  distinctions  drawn  between 
the  foregoing  specimens ; an  inference  confirmed  by  another  specimen  of  the  last 
lower  molar  lately  acquired  by  the  Indian  Museum.  We  thus  now  have  six  speci- 
mens of  the  mandible  of  Siwalik  giraffes,  showing  among  them  five  specimens  of  the 
last  lower  true  molar,  and  two  specimens  of  both  the  second  and  first  true  molars  and 
of  the  last  premolar.  In  the  following  table  the  dimensions  of  all  these  five  speci- 
mens, together  with  the  corresponding  dimensions  of  the  mandible  of  the  living 
giraffe,  are  given ; the  specimens  in  the  Indian  Museum  are  indicated  by  their 
respective  numbers  in  the  catalogue. 


? Ibid.,  fig.  8. 

J P.  58. 

* Vol.  XT,  p.  86. 

s This  specimen  w$s  obtained  in  the  same  district  of  the  Punjab  as  the  upper  molars  represented  in  figures  1 and  2 
of  the  same  plate,  though  at  a later  period.  Prom  the  identity  in  the  mineral  condition  of  the  two  specimens,  and  from 
their  condition  of  wear,  I am  strongly  inclined  to  think  that  both  upper  and  lower  jaws  belonged  to  the  same  individual. 
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In  this  table,  taking  first  the  third  true  molar  (the  length  of  this  tooth  in  the 
last  column  being  calculated  from  the  length  of  the  preceding  tooth),  we  find  such 
a gradual  variation  in  the  size  of  this  tooth  that  it  appears  to  me  that,  unless  we 
make  six  species  of  the  six  specimens,  which  would  of  course  be  out  of  the  question, 
we  cannot  specifically  separate  any  of  these  teeth  on  the  ground  of  size  alone.  It 
may  be  noticed  that  in  five  out  of  the  six  fossil  specimens,  the  last  true  molar  is 
smaller  than  the  corresponding  tooth  of  the  specimen  of  the  skull  of  the  living 
giraffe  in  the  Indian  Museum 1 : it  is,  however,  quite  probable  that  a considerable 
amount  of  variation  in  the  size  of  the  molars  of  the  living  species  might  be  noticed 
if  we  had  a sufficiency  of  specimens  for  comparison.  It  may  further  be  noticed 
that  in  the  fossil  forms  the  last  premolar  is  proportionately  more  elongated  than  in  the 
recent  species,  a character  by  which  it  approaches  the  corresponding  tooth  in  the 
sivathere  and  its  congeners. 

Having  now  noticed  the  variations  in  the  size  of  the  lower  molars  of  the 
Siwalik  giraffe,  we  may  proceed  to  consider  their  variations  in  form. 

In  the  specimen  represented  in  figure  5 of  plate  XVI  of  this  memoir,  there 
are  shown  three  perfect  teeth,  viz.,  the  last  premolar  (p.m.  4),  the  first  true  molar 
(m.  1),  and  the  last  true  molar  (m.  3) ; the  bases  of  the  penultimate  premolar 
(p.m.  3)  and  of  the  second  true  molar  (m.  2)  also  remain.  In  the  last  true  molar 
the  accessory  4 column  * is  of  very  large  size,  and  shows  a distinct  division  into  an 
inner  (‘lobe’)  and  outer  moiety  (4  crescent’),  with  a cavity  separating  the  two.  In 
this  tooth,  as  also  in  the  specimen  represented  in  figure  6 of.  the  same  plate,  the 
accessory  4 lobe  ’ seems  to  be  more  completely  developed  than  in  the  living  species ; 
and  a similarly  large  development  is  shown  in  all  the  other  specimens  of  this  tooth 
in  the  Indian  Museum.  In  the  specimen  figured  by  Messrs.  Ealconer  and  Cautley 
the  accessory  4 column  ’ is  less  complex,  showing  no  distinct  median  pit.  It  is  only 
in  Megaceros,  the  giraffes' and  the  sivatheres,  according  to  Professor  Owen2,  that 
this  pit  is  developed  in  the  accessory  4 column  ’ of  the  last  lower  molar,  which  is  much 
less  complex  in  all  other  ruminants.  The  development  of  this  column  in  the  last  molar 
of  the  ruminants  is  evidently  a survival  from  the  highly  complex  form  this  tooth 
presents  in  many  of  the  older  pig-like  bunodont  animals,  and  it  is  thus  interesting 
to  trace  its  greater  relative  development  in  the  living  giraffe,  and  this  becoming  still 
greater  in  its  fossil  representative,  and  in  the  closely  allied  sivathere  and  its 
congeners. 

The  last  true  molar  of  the  specimen  represented  in  figure  5 of  the  same  plate 
presents  a minute  tubercle  in  the  4 median  valley,  ’ entirely  lacking  in  all  the  other 
specimens  of  that  tooth  : the  first  true  molar  in  the  same  specimen  exhibits  a large 
tubercle  in  the  same  position.  The  large  tubercle  in  this  tooth  seems  to  be  very 
generally  constant  in  both  the  recent  and  fossil  species ; in  the  first  lower  true  molar 
of  the  skull  of  a giraffe  recently  living  in  the  Calcutta  Zoological  Gardens  and  now 

1 Another  shull  of  an  adolescent  animal,  formerly  living  in  the  Calcutta  Zoological  Gardens,  has  teeth  slightly 
smaller  than  those  of  the  specimen  measured  here. 

2 “ Odontography,”  p.  535. 
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in  tlie  Indian  Museum,  this  tubercle  is  absent.  In  the  specimen  No.  B.  17S  there 
is  a tubercle  of  medium  size  in  the  ‘ median  valley  ’ of  the  second  true  molar,  and 
a smaller  one  in  the  valley  in  front  of  the  e accessory  lobe 5 of  the  last  true  molar. . 

In  general  characters  the  lower  true  molars  are  indistinguishable  from  those 
of  the  living  species. 

The  specimen  represented  in  figure  6 of  plate  XYI  is  the  last  right  lower  true 
molar,  and  is  implanted  in  a fragment  of  the  mandible.  It  was  obtained  by  Mr. 
Theobald  from  a low  horizon  in  the  Siwaliks  of  the  Punjab,  and  was  formerly  consi- 
dered to  indicate  a second  species  of  the  genus. 

Last  lower  milk-molar. — The  last  tooth  we  have  to  notice  is  the  specimen 
represented  in  figure  8 of  plate  XYI.  This  tooth  is  the  third  right  lower  milk- 
molar  of  Camelopardalis  sivalensis,  as  determined  by  comparison  with  the  corre- 
sponding tooth  of  the  existing  species.  The  specimen  has  already  been  noticed  on 
page  89  of  the  above-quoted  notice  in  the  “ Becords.”  The  tooth  consists  of  three 
well-developed  divisions,  increasing  gradually  in  size  from  before  backwards ; the 
complete  development  of  the  third  division  distinguishes  this  tooth  from  the  last 
true  molar.  The  summits  of  the  anterior  division  are  alone  slightly  abraded  by 
detrition,  showing  that  the  tooth  belonged  to  an  exceedingly  young  fawn.  As  far  as 
a comparison  can  be  made  between  this  unworn  tooth  and  a very  much  worn  last 
lower  milk-molar  of  the  existing  giraffe,  no  points  of  difference  can  be  detected 
between  the  two  : both  teeth  have  a large  tubercle  in  each  of  the  two  valleys  on  the 
outer  side.  The  dimensions  of  the  two  specimens  are  as  follows  : — 


Length  of  crown 


1-21 


1-2 


Width  „ „ 


0-64  0-6 


Lower  premolars  referred  to  Camelopardalis. — In  my  notice  in  the  “Becords” 
so  frequently  quoted,  certain  lower  premolars  were  noticed,  and  referred  to  another 
species  of  Camelopardalis  : a further  examination  of  these  specimens  has  shown  that 
they  probably  belong  to  another  genus : they  will  be  again  alluded  to  in  the  sequel. 
As  elsewhere  stated,  the  lower  jaw  referred  by  Dr.  Ealconer  to  the  present  genus  on 
page  206  of  the  first  volume  of  the  “Palaeontological  Memoirs”  belongs  to  some 
totally  different  genus. 

Vertebral  column. — The  specimens  figured  in  plate  E of  the  “ Fauna 
Anti  qua  Sivalensis  ” comprehend  an  imperfect  fourth  cervical  vertebra  from 
Perim  Island  (fig.  21);  a complete  fifth  cervical  from  the  Siwaliks  (fig.  1),  and 
a larger  incomplete  third  cervical,  also  from  the  Siwaliks  (fig.  11).  The  two  first 
specimens  are  sufficiently  described  in  the  memoirs  of  Messrs.  Ealconer  and 
Cautley  already  quoted : they  indicate  an  animal  smaller  than  an  adult  male  of  the 
living  giraffe,  though  it  is  not  shown  whether  they  are  smaller  than  the  correspond- 
ing bones  of  a female  of  the  existing  species,  which  is  often  much  smaller  than  the 


1 The  serial  position  of  all  these  vertebra?  is  incorrectly  given. 
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male.  The  third  specimen  has  never  been  described.  In  the  descriptions  of  the 
plates  of  the  “ Fauna  Antiqua  Sivalensis  ” the  dimensions  of  this  bone  are  given  as 
smaller  than  those  of  the  other  specimens,  or  the  same  as  those  of  the  figure ; the 
figure  is,  however,  said  to  be  of  half  the  natural  size,  and,  therefore,  these  dimen- 
sions must  be  erroneous.  The  bone  appears  to  indicate  an  animal  at  least  as  large 
as  the  existing  species.  The  dorsal  vertebra  from  Perim  Island  described  by 
Dr.  Falconer  on  page  207  of  the  “ Palaeontological  Memoirs,”  together  with  another 
specimen  similarly  named  in  the  Indian  Museum,  probably  belongs  to  Bramatherium. 

Limb-bones. — The  specimens  of  limb-bones  of  giraffe,  figured  in  the  plate  last 
quoted,  comprehend  the  greater  part  of  the  right  humerus  (fig.  3),  a fragment  of 
the  left  radius  and  ulna  (fig.  4),  and  four  fragments  of  the  metacarpus  (figs.  6-9). 
I have  been  unable  to  compare  these  bones  with  the  skeleton  of  the  existing  species, 
except  in  the  case  of  the  humerus,  of  which  there  is  a cast  in  the  Indian  Museum. 
This  bone  is  considerably  larger  than  the  humerus  of  a medium-sized  African 
giraffe  in  the  same  institution,  being  nearly  one  inch  wider  across  the  condyles. 
The  humerus  No.  43,  from  Perim  Island,  described  by  Dr.  Falconer  on  page  207 
of  the  first  volume  of  the  “ Palaeontological  Memoirs,”  and  doubtfully  referred  to 
Camelopardalis,  probably  belongs  to  Bramatherium. 

The  only  other  bones  in  the  collection  of  the  Indian  Museum  that  can  be 
referred  with  any  certainty  to  the  present  genus,  are  a broken  radius,  the  associated 
right  tarsus  and  part  of  the  metatarsus,  and  several  proximal  phalangeals.  The 
radius  is  referred  by  Dr.  Falconer 1 to  his  C.  sivalensis,  and  is  described  as  being 
nearly  equal  in  size  to  the  corresponding  bone  of  the  existing  species.  The  tarsus 
and  metatarsus  (No.  B.  186,  Ind.  Mus.)  were  collected  by  Mr.  Theobald  in  the 
Siwaliks  of  Niki ; the  portion  of  these  elements  now  remaining  comprehends  all 
the  bones  of  the  tarsus,  except  the  calcaneum,  and  rather  more  than  half  of  the 
metatarsus.  The  latter  bone  has  almost  exactly  the  same  proportions  as  the  hind 
“ cannon-bone  ” of  the  existing  species,  and  when  complete  must  have  been  of  very 
nearly  the  same  length.  The  fossil  bone  is  distinguished  by  the  vertical  grooves 
on  both  its  anterior  and  posterior  surfaces  being  considerably  deeper  than  in 
the  recent  homologue,  indicating  an  affinity  to  an  animal  in  which  the  ec  cannon-bone” 
consisted  of  its  original  elements  : the  medullary  cavity  of  the  shaft  at  the  point 
of  fracture  is  undivided.  In  the  recent  bone  the  nutrient  foramen  at  the  proximal 
extremity  pierces  directly  through  the  sha  f t,  while  in  the  fossil  it  perforates  the  hinder 
surface  obliquely  so  as  to  reappear  on  the  superior  surface.  The  close  resemblance 
of  the  two  bones  renders  it  unnecessary  to  give  a figure  of  the  fossil.  The  proximal 
phalangeals  closely  resemble  the  corresponding  bones  of  the  existing  species,  but 
are  somewhat  less  flattened  on  their  anterior  faces. 

Summary. — The  conclusions  to  be  gathered  from  a study  of  the  above-men- 
tioned specimens  are  that  the  remains  of  the  Siwalik  giraffe  indicates  an  animal 
showing  some  considerable  variations  in  size,  but  whose  mean  dimensions  were  not 


1 “ Pal.  Mem.,”  Vol.  I,  p.  206,  No.  690. 
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far  from  those  of  the  existing  species  \ the  neck  and  limbs  having  attained  their 
characteristic  elongation  in  the  pliocene  period.  The  evidence  of  the  teeth  and 
bones  before  us  does  not  appear  to  me  to  be  sufficient  to  establish  the  existence 
of  more  than  one  species,  though,  taking  into  consideration  the  difficulty  of  dis- 
tinguishing many  of  the  fossil  teeth  from  those  of  the  existing  species,  it  would 
be  extremely  rash  to  affirm  that  these  remains  did  not  belong  to  more  than  one 
species ; such  different  species,  if  they  existed,  being  very  probably  distinguished 
mainly  by  external  characters.  The  fossil  bones  and  teeth  leaving,  as  we  have  seen,  no 
doubt  but  that  the  Siwalik  giraffes  were  constructed  on  the  same  plan  as  the  living 
species,  the  interesting,  but  unfortunately  ever  unanswerable,  question  forces  itself 
upon  us,  as  to  what  was  the  external  colour  of  the  fossil  form.  Was  the  organis- 
ation of  this  type  of  animal  always  associated  with  the  dappled  chesnut  and 
tawny  hide  of  the  existing  giraffe,  which,  together  with  its  towering  form,  we 
are  told  is  a valuable  means  of  concealment  to  its  owner,  as  it  browses  in  the 
splashes  of  alternating  sunlight  and  shade  among  the  lofty  palms  and  mimosas 
of  the  plains  of  Southern  Africa  ? 

Distribution . — Remains  of  the  Siwalik  giraffe  have  been  obtained  throughout 
the  Sub-Himalayan  Siwaliks,  but,  in  comparison  with  the  remains  of  other  rumi- 
nants, are  decidedly  of  rare  occurrence.  They  have  also  been  obtained  from  the 
Siwaliks  of  Perim  Island. 

Comparison  with  other  fossil  species. — It  may  be  observed,  firstly,  that,  with 
the  exception  of  Camelopardalis  biturigum  (the  name  of  which  was  given  in  the 
same  year),  the  Siwalik  species  has  the  priority  of  name  over  all  the  other  species, 
and,  therefore,  its  name  would  stand  even  if  it  were  proved  to  be  identical  with 
either  C.  attica  or  C.  vetusta. 

Camelopardalis  biturigum  seems  to  be  known  only  by  a lower  jaw,  which, 
according  to  Professor  Owen1 2 3,  differs  very  markedly  from  that  of  the  living 
species,  and  is  not  therefore  likely  to  be  the  same  as  the  Siwalik  form. 

The  upper  molars  of  C.  vetusta,  figured  by  M.  Duvemoy 3,  are  so  much  worn, 
that  it  is  difficult  to  compare  them  with  the  Indian  specimens. 

Camelopardalis  attica,  according  to  Professor  Gaudry4,  was  of  nearly  the 
same  height  as  the  living  species,  but  its  limbs  were  of  much  more  slender  make  5. 
It  therefore  seems  to  be  the  most  specialised  of  the  group.  Some  upper  molars 
from  Pikermi  are  provisionally  referred  by  M.  Gaudry  to  this  species,  but  as  they 
are  not  figured  they  cannot  be  compared  with  the  Siwalik  teeth. 

Other  alleged  Siwalik  species. — We  have  seen  that  the  second  Siwalik  species  of 
giraffe  mentioned  by  Palconer  and  Cautley  cannot  be  mantained ; we  have  also 

1 It  may  be  mentioned  that  Messrs.  St.  Hilaire,  F.  Cuvier,  and  Duvemoy  considered  that  the  variations  in 
the  living  giraffe  were  such  as  to  prove  the  existence  of  more  than  one  species. 

2 See  Gaudry,  Loc.  cit.,  p.  249.  As  stated  above,  this  form  may  be  Helladotherium. 

3 Loc.  cit. 

4 Loc.  cit. 

4 “ Elle  ayait  des  os  beaucoup  plus  minces.” 
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shown  that  a second  species  indicated  by  myself  in  the  “ Records  ” 1 on  the  evi- 
dence of  a last  lower  molar  mnst  also  he  merged  in  C.  sivalensis.  It  was  thought 
in  the  same  notice 2 that  a third  species  was  indicated  by  a last  lower  premolar, 
but  this  specimen  now  turns  out  to  belong, to  Hydaspitlierium . 

Genus  II : YISHNUTHERIUM 3,  Nobis. 

This  genus  was  established  by  myself  in  1876,  on  the  evidence  of  a portion  of 
the  lower  jaw  of  a giraffe-like  ruminant : as  the  genus  only  contains  one  species  its 
history  may  be  given  with  that  of  the  latter.  The  placing  of  this  genus  next  to 
Camelopardalis  is  only  provisional,  and  depends  on  the  correctness  of  the  determi- 
nation of  certain  limb-bones  to  be  noticed  below.  The  skull  is  unknown. 

Species  : Yishnutherium  iravadicum,  Nobis. 

History. — The  first  notice  of  the  lower  jaw  on  which  this  genus  is  founded  ap. 
peared  in  the  “Records  of  the  Geological  Survey  of  India ” for  1876 \ The  speci- 
men, which  is  the  only  one  known,  is  described,  and  the  teeth  figured,  in  the  first 
volume  of  this  work 5 : it  was  obtained  from  the  Siwaliks  of  Burma,  by  Mr.  W.  T. 
Blanford. 

The  jaw  is  characterised  by  its  slender  form,  and  the  true  molars  are  construct- 
ed after  the  type  of  those  of  the  giraffe,  and  have  the  same  rugose  enamel,  but  are 
of  considerably  larger  size.  They  are  further  distinguished  by  the  presence  of  a 
distinct  ‘ cingulum  ’ on  the  outer  surface,  and  of  a relatively  large  tubercle  in  the 
‘ median  valley  ’ of  both  the  first  and  second  true  molars  : the  tubercle  in  the  first 
true  molar  is  the  larger  of  the  two,  and  thus  shows  an  analogy  with  the  lower 
molars  of  the  giraffe. 

The  above  specimen  is  the  only  one  which  can  be  undoubtedly  assigned  to  the 
genus,  the  reference  to  it  of  the  other  remains  described  below  being  merely  provi- 
sional. 

Upper  true  molars. — In  figure  7 of  plate  XYI  of  this  memoir  are  represent- 
ed the  second  and  third  right  upper  true  molars  of  a large  ruminant,  collected  by 
Mr.  Theobald  in  the  Siwaliks  of  the  Punjab  near  the  village  of  Asnot.  These 
teeth  are  but  slightly  worn,  and  in  beautiful  preservation,  their  • enamel  presenting 
the  finely  reticulate  or  rugose  structure  .so  characteristic  of  the  giraffes  and  siva- 
theres.  The  ‘ lobes 5 on  the  outer  sides  of  the  teeth  are  placed  obliquely  to  the  long 
axis  of  the  latter,  so  that  the  posterior  overlaps  the  anterior  * lohe ; ’ the  central 
pits  are  very  deep,  and  extensively  connected  with  each  other.  The  external  or 
dorsal,  surface  of  each  tooth  is  noticeable  for  the  comparatively  slight  development 

1 Vol.  XI,  p.  86. 

2 P.  87. 

3 The  name  of  this  genus  is  taken  from  the  third  god  of  the  Hindu  trinity,  Vishnu,  and  was  applied  to  it  .as 

being  analogous  to  Falconer’s  names  Sivatherium  and  Bramatherium,  from  Brama,  and  Shiva  (Siva),  the  other 
members  of  this  trinity.  > 

4 Vol.  IX,  p.  103. 

5 P.  55,  pi.  VII,  figs.  1 & 2. 


SIWALIK  CAMELOPARD  ALID2E. 


15—113 


of  the  median  ‘costae,’  which  in  the  posterior  ‘lobes’  are  scarcely  recognizable  at 
all.  At  the  base  of  each  of  the  inner  ‘ crescents  ’ there  is  a slight,  though  well- 
marked,  ‘ cingulum ; ’ no  tubercle  exists  in  the  ‘ median  valley.’ 

The  general  plan  of  structure  of  these  teeth  shows  that  they  belong  to 
some  member  of  the  giraffe  family,  in  the  extended  sense  in  which  it  is  employed 
here ; they,  however,  differ  from  the  corresponding  teeth  of  all  described  members 
of  that  family,  this  difference  being  mainly  shown  by  the  want  of  development 
of  the  ‘costae  ’ and  the  presence  of  the  ‘ cingulum.’  These  points  of  difference  will 
be  more  particularly  pointed  out  when  we  come  to  consider  the  other  larger  mem- 
bers of  the  family. 

The  teeth,  though  considerably  larger,  present  a certain  resemblance  to  those 
of  the  elk  {Alces  palmatus),  but  are  distinguished  by  the  smaller  development  of  the 
antero-external  angles  of  the  ‘lobes,’  whereby  the  centre  of  the  outer  surface 
of  each  ‘ lobe  ’ is  less  depressed  than  in  the  elk.  The  fossil  teeth  are  further  dis- 
tinguished by  the  presence  of  the  ‘ cingulum  ’ and  by  the  greater  rugosity  of  the 
enamel ; they,  however,  undoubtedly  approach  the  molars  of  Alces  more  nearly  than 
do  those  of  any  other  member  of  the  family. 

The  dimensions  of  the  two  teeth  are  as  follows : — 


Length  of  two  teeth 32 

„ of  second  true  molar 1’62 

Width  of  „ P75 

Length  of  third  „ . . .1*67 

Width  of  .1  „ 1-56 

Height  of  anterior  crescent  of  ditto 1'12 


If  these  dimensions  be  compared  with  those  of  the  lower  molars  of  Vishnuthe- 
rium  iravadicum  given  in  the  first  volume  \ it  will  be  seen  that  the  upper  and  lower 
teeth  correspond  well  enough  in  the  matter  of  size  to  have  belonged  to  the  same 
species.  They  further  correspond  in  their  general  plan  of  structure  as  closely  as 
do  the  upper  and  lower  molars  of  the  same  species  of  ruminant,  and  agree  in  the 
structure  of  their  enamel,  and  in  the  presence  of  a ‘cingulum.’  Both  specimens 
are  further  unique  examples  of  their  respective  series,  and  therefore,  evidently 
belonged  to  a very  rare  animal ; this  removes  any  difficulty  of  associating  the  two 
specimens  which  might  be  felt  on  account  of  the  distance  of  the  localities  where 
they  were  respectively  obtained. 

Erom  the  above  circumstances  it  appears  highly  probable  that  these  two  speci- 
mens belong  to  the  same  species,  or  at  all  events  to  the  same  genus  of  ruminant,  and 
they  are  accordingly  provisionally  associated.  Should  this  association  eventually 
prove  erroneous,  the  upper  teeth  must  be  referred  to  a new  species,  or  genus,  as  the 
case  may  be,  though  there  is  a very  strong  presumption  that  the  genus  is  correctly 
determined. 

Metatarsus — In  figure  3 of  plate  XVII  is  represented,  of  one-fiftli  the  natural 
size,  the  nearly  complete  metatarsus  of  a large  and  long-limbed  ruminant,  evidently 


1 P.  57. 
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nearly  allied  to  the  giraffe.  The  specimen,  which  only  lacks  the  inferior  condyles, 
was  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab.  Below,  the  dimen- 
sions of  this  bone  are  compared  with  those  of  the  metatarsus  of  a medium-sized 
giraffe  in  the  Indian  Museum,  and  also  with  those  of  a larger  specimen  of  the 
same  bone  given  by  Professor  Gaudry  in  his  description  of  the  remains  of  the 
Pikermi  giraffe. 


Specimen. 

Giraffe. 

Length  of  complete  bone  ..... 

(?)  20-5 

26^5— 28  5 

Length  to  condylar  junction  .... 

190 

25-0—270 

Transverse  diameter  above  condyles 

3-2 

Circumference  of  shaft  . 

8-6 

These  dimensions  show  that  the  fossil  bone  is  much  shorter,  and  relatively 
stouter  than  the  metatarsus  of  the  African  giraffe.  In  its  general  form  and  propor- 
tions, however,  the  bone  comes  nearer  to  the  latter  bone  than  to  the  metatarsus  of 
any  other  animal,  and  the  general  resemblance  is  so  close  as  to  leave  little  doubt  that 
the  animal  to  which  the  bone  belonged  must  have  been  a member  of  the  same 
family  as  the  giraffe.  Its  greater  shortness,  on  the  other  hand,  connects  this  bone 
with  the  sivatheroid  animals,  and  thus  bridges  over  the  gap  hitherto  existing  be- 
tween these  animals  and  the  giraffes,  and  renders  it  difficult  to  refer  them  to  two 
different  families. 

The  bone  is  longer  and  slighter  than  the  metatarsus  referred  by  Falconer  and 
Cautley  to  Sivatherium  giganieum  1 (plate  xvii,  figure  2),  although  that  bone,  if 
rightly  named,  judging  from  the  length  of  the  metacarpus  (ibid,  figure  1),  is  an 
unusually  long  specimen.  The  bone  before  us  is  further  distinguished  from 
the  anterior  “ cannon-bone  ” of  Sivatherium  by  the  relatively  smaller  size  of  its 
terminal  expansions,  and  the  greater  degree  of  development  of  the  grooves  on  its 
anterior  and  posterior  aspects.  All  these  divergences  from  the  Sivatherium  type 
approximate  to  that  of  the  giraffe. 

The  metatarsus  of  Helladothevium  (plate  xvii,  figure  4)  is  distinguished  by 
being  much  shorter  and  stouter ; and,  judging  from  the  shape  of  the  metacarpus 
(ibid.,  figure  10),  and  the  lower  half  of  a metatarsus  in  the  Indian  Museum,  the 
metatarsus  of  By  daspitherium  is  also  a shorter  and  stouter  bone. 

An  inferior  extremity  of  the  metacarpus  of  Bramatherium , in  the  Indian 
Museum,  shows  that  the  “cannon-bones  ” of  that  genus  were  likewise  of  a more 
massive  type  than  the  bone  before  us. 

There  now  only  remains  Vishnutherium , among  the  known  genera  of  Indian 
giraffoids,  to  which  this  specimen  can  possibly  belong,  and  as  it  is  of  about  the 
right  dimensions  to  have  belonged  to  the  same  animal  as  the  teeth  of  that  genus,  it 


A note  on  the  reference  of  this  bone  will  be  given  under  the  head  of  Sivatherium. 
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is  provisionally  referred  to  it.  It  is,  however,  quite  possible  that  this  reference  may 
be  eventually  proved  incorrect ; but  this  will  not  interfere  with  the  value  of  the  speci- 
men as  proving  the  former  existence  of  a large  ruminant  forming  a connecting  link 
between  the  giraffe  and  the  sivathere,  but  nearer  the  former  than  the  latter.  I have 
preferred  to  risk  a false  reference  rather  than  to  form  a new  genus  for  the  reception 
of  this  one  bone,  which  will  have  to  be  done  if  it  do  not  belong  to  Vishnutherium. 

Sixth  cervical  vertebra. — The  ‘ centrum  ’ of  a sixth  cervical  vertebra  of  a large 
species  of  ruminant,  represented  in  figure  2 of  plate  xviii  of  this  memoir,  was  obtain- 
ed from  the  Siwaliks  of  Asnot,  in  the  Punjab,  by  Mr.  Theobald1.  The  specimen, 
which  is  represented  of  the  natural  size,  is  viewed  from  the  left  lateral  aspect. 
It  exhibits  the  whole  of  the  e centrum,’  and  on  the  left  side  the  vertebrarterial  canal 
and  the  greater  part  of  the  transverse  process.  The  descending  lamina  of  the  latter 
process  is  broken  away  on  the  left  side,  but  on  the  right  is  nearly  complete,  wanting 
only  its  preaxial  angle.  The  portaxial  cup  is  of  great  size  and  depth.  Prom  the 
large  size  of  this  bone  it  is  quite  evident  that  it  belonged  to  some  member  of  the 
present  family : it  is  shorter  than  the  sixth  cervical  of  the  giraffe,  and  longer  than 
that  of  Sivatherium.  It  is  of  smaller  size,  and  of  more  slender  proportions  than  the 
cervical  vertebra  referred  in  the  sequel  to  Hydaspitherium  ; and  since  the  teeth  of 
Vishnutherium  indicate  a slighter  animal  than  Hydaspitlierium. , the  present  bone  is 
provisionally  referred  to  the  former  genus.  In  respect  of  its  slender  form  it  agrees 
well  with  the  “ cannon-bone  ” which  we  have  already  referred  to  the  same  genus.  The 
e centrum  ’ has  no  trace  of  a keel  on  its  haemal  aspect.  In  the  following  table  the 
dimensions  of  this  Vertebra  are  compared  with  the  dimensions  of  a homologous 
vertebra  of  Sivatherium,  in  the  collection  of  the  Indian  Museum,  and  figured  in  plate 
xxii  of  this  volume ; and  also  with  those  of  a sixth  cervical  vertebra  of  the  pleistocene 
ox  of  the  Narbada  ( Bos  namadicus ). 


Bos. 

Vishnutherium. 

Sivatherium. 

Length  of  centrum  superiorly 

2-6 

47 

4-3 

Vertical  diameter  of  condyle 

2-0 

2-6 

3-3 

Transverse  „ „ 

1-45 

1-75 

2-6 

Projection  of  descending  lamina  below  centrum 

1-8 

1-7 

3‘0(?) 

Length  of  lamina 

2-1  ‘ 

36 

3-0 

Length  of  base  of  transverse  process 

0-6 

2-9 

2-1 

These  dimensions  show  that  the  vertebrae  of  Sivatherium  and  JBos  have  much 
the  same  proportions,  and  are  constructed  • on  the  same  general  plan.  The  characteris- 
tic points  in  these  genera  are  the  relative  shortness  of  the  centrum  and  the  great 
vertical  depth  of  the  descending  lamina  of  the  transverse  process.  In  the  vertebra  of 


1 It  is  not  improbable  that  a vertebra  in  the  collection  of  the  Geological  Society,  from  Baluchistan,  may  belong 
to  this  species. 
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the  vishnuthere,  we  have,  on  the  contrary,  an  elongated  centrum,  while  the  descend- 
ing lamina  of  the  transverse  process  is  comparatively  hut  slightly  developed  interiorly, 
and  very  largely  antero-posteriorly.  In  all  these  characters  the  vertebra  makes  a 
marked  step  in  the  direction  of  the  giraffe,  in  which  the  centrum  is  much  elongated 
and  the  descending  lamina  of  the  transverse  process  so  little  developed  interiorly, 
and  so  largely  antero-posteriorly,  as  to  be  divided  into  a distinct  anterior  and  pos- 
terior portion.  The  vertebra  of  Vishnutherhm  is  indeed  intermediate  in  character 
between  that  of  Sivatherium  and  Camelopardalis,  but  seems  to  partake  more  of  the 
characters  of  the  latter  then  the  former.  This  vertebra  has  no  trace  of  a median  keel 
interiorly. 

It  may  be  added  that  should  this  vertebra  be  wrongly  referred  to  Vishnuthe- 
rium,  this  will  not  affect  its  value  as  indicating  a connecting  link  between  the  giraffe 
and  the  sivathere.  If  it  does  not  belong  to  Vishnutherium , it  must  probably  belong 
to  a new  genus,  as  the  vertebrae  of  Hydaspitherium  are  known.  It  indicates  an 
animal  whose  neck  was  intermediate  in  length  between  the  giraffe  and  other  rumi- 
nants, and  therefore  agrees  well  with  the  proportions  assigned  to  Vishnutherium 
from  the  study  of  the  metatarsus. 

Distribution. — If  all  the  remains  here  assigned  to  Vishnutherium  be  rightly 
determined,  the  animal  must  have  formerly  lived  in  Burma  and  the  western 
Punjab,  and  was  of  rare  occurrence. 

Summary. — Whether  these  remains  belong  to  one  or  to  several  species  or  genera, 
they  unmistakeably  indicate  a connecting  link  (or  links)  between  the  sivathere  and 
the  giraffe  which  so  effectually  bridges  over  the  gap  hitherto  existing  between  those 
animals,  as  to  do  away  with  all  family  distinctions  between  the  two. 


Genus  III:  HELLADOTHERIUM 1 2,  Gaudry. 

This  genus  was  established  by  M.  Gaudry,  and  contains  only  one  species : it  is 
distinguished  from  all  the  other  members  of  the  family  by  being  totally  unprovided 
with  horns,  and  would  accordingly  seem  to  be  nearest  to  the  ancestral  and  least 
specialised  type  of  the  family. 

Species  : Helladotherium  duvernoyi,  Gaud,  and  Dart. 

History. — This  species,  the  only  representative  of  the  genus,  has  been  described 
under  its  present  generic  name  by  Professor  Gaudry 3,  from  Pikermi,  and  nearly  the 
whole  of  its  osteology  illustrated.  In  the  same  work 3 reference  is  made  to  a 
nearly  perfect  cranium  from  the  Sub-Himalayan  Siwaliks,  referred  originally  by 
Ealconer  and  Cautley  to  a female  individual  of  Sivatherium  giganteum , and  it  is 
shown  that  this  cranium  must  be  referred  to  Helladotherium , and  very  probably 

1 Hellas  (Greece)  and  Therion. 

2 “ Animaux  Fossiles  et  Geologie  de  1’  Attique,”  p.  252  et  seq. 

s P.  260. 
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to  the  Pikermi  species.  A note  on  this  determination  has  been  recently  published 
by  myself 

Cranium. — Eour  views  of  the  cranium  referred  to  above  are  given  in  plate  A of 
the  “ Eauna  Antiqua  Sivalensis  ” (figs.  1,  1 a,  1 b,  1 c).  The  specimen  is  fairly  per- 
fect, with  the  exception  of  the  premaxillse  and  the  two  zygomatic  arches,  which  have 
been  entirely  broken  away.  The  skull  is  completely  hornless,  and  is  remarkable  for 
the  greatly  overhanging  occiput,  and  the  great  relative  length  of  the  temporal 
fossse.  The  specimen  shows  the  whole  of  the  molar  series.  It  is  probable  that  the 
teeth  if  found  alone  could  not  be  distinguished  from  those  of  some  of  the  following 
genera.  The  dimensions  of  this  skull  are  given  in  the  “ Palaeontological  Me- 
moirs ” 2.  According  to  Professor  Gaudry  the  only  points  of  difference  between  it  and 
the  skull  of  the  Pikermi  specimen  of  H.  duvernoyi , are  that  the  premolars  are  a 
little  larger  in  proportion  to  the  true  molars,  that  the  palatine  cleft  is  not  so  deeply 
cut,  the  occipital  condyles  less  prominent,  and  the  pits,  on  either  surface  of  the 
occipital  crest,  less  deep.  These  differences  do  not  seem  sufficient  to  justify  a specific 
distinction  of  the  two  skulls. 

Erom  the  absence  of  horns  I have  placed  the  belladothere  nearer  to  the  giraffe 
than  the  next  genus,  as  it  would  seem  incongruous  to  place  this  hornless  genus 
between  the  Hydaspitherium  and  the  Sivatherium,  both  of  which  carry  such  comp- 
lex horns.  As  we  shall  see  immediately,  however,  the  structure  of  the  limbs 
shows  that  the  present  genus  is  nearer  to  the  Sivatherium  than  to  the  Hydaspi- 
therium. 

Cannon-hones. — Except  the  skull  just  described,  no  remains  have  been  recog- 
nised in  India  as  belonging  to  this  genus,  and  our  comparisons  must,  therefore,  be 
derived  from  the  specimens  described  by  M.  Gaudry. 

In  figures  4 and  5 of  plate  XYI1  of  this  memoir  are  represented  the  metatarsus 
and  metacarpus  of  Helladotherium  duvernoyi , copied  from  M.  Gaudry’s  great  work. 
The  metatarsus  (fig.  4)  is  seen  to  be  a very  stout  bone,  of  thicker  proportions  than 
the  corresponding  hone  doubtfully  referred  to  Sivatherium  (fig.  2).  The  metacarpus 
is  also  of  a very  stout  type,  hut  is  considerably  larger  than  the  corresponding  bone 
of  Sivatherium  (fig.  1).  Its  length  is  16  inches,  and  its  breadth  superiorly  4-28 
inches,  and  interiorly  3'95  inches. 

It  is  a stouter  and  probably  shorter  bone  than  the  metacarpus  of  Hydaspither- 
ium (fig.  10),  and,  therefore,  in  this  respect  is  more  closely  related  to  the  Sivatherium 
than  is  the  latter  genus,  while,  as  already  said,  in  cranial  characters  it  is  nearer  to 
the  giraffe. 

The  discrepancy  in  the  serial  position  of  the  helladothere  when  looked  at 
from  cranial  and  skeletal  points  of  view,  shows,  as  we  have  elsewhere  remarked, 
that  a strictly  lineal  classification  of  the  members  of  this  family  is  impossible,  and 
further  indicates  the  probability  that  the  animals  under  consideration  are  not  an 
ancestral  series,  as  is  almost  proved  by  their  co-existence  in  time,  but  rather  that 


lK.  G.  S.  I.  ” Vol.  XV,  p.31. 


3 Vol.  I,  p.  53. 
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they  are  only  some  scattered  members  of  the  common  stock  whence  the  giraffe  and 
sivatliere  took  their  origin. 

Distribution. — Eemains  of  Helladotherium  have  been  obtained  in  Europe,  and 
from  the  Siwaliks  in  the  neighbourhood  of  the  Markanda  river. 


Genus  IV  : HYDASPITHEEITJM  \ Nobis. 

Synonym,  Hydaspidotherium,  Nobis. 

This  genus  was  established  by  myself  in  18761  2 3 under  the  name  of  Hydaspido- 
therium ; it  is  characterised  by  possessing  one  common  horn-base  placed  on  the 
upper  part  of  the  frontals,  and  which  may  have  carried  either  one  or  two  pairs  of 
horns.  It  contains  two  species,  both  from  India,  hut  there  is  some  uncertainty  as 
to  the  generic  reference  of  the  second. 


Species : 1.  Hydaspitheuium  megacephalum,  Nobis. 

Synonym : H.  leptognathcs,  Nobis. 

History. — This  species  is  the  one  on  which  the  genus  is  founded,  and  its  history 
is,  therefore,  the  same  as  that  of  the  genus.  The  specimen  on  which  the  species 
and  genus  was  founded  is  a nearly  complete  cranium,  wanting  the  horn-cores,  dis- 
covered by  Mr.  Theobald  in  the  Siwaliks  of  Asnot,  in  the  western  Punjab.  This 
fine  specimen  is  figured  and  fully  described  in  the  first  volume  of  this  work. 

At  a subsequent  period  certain  upper  molar  teeth  were  described  by  myself  and 
referred  to  the  present  species 4,  while  in  the  same  notice  a mandible  was  described 
under  the  new  name  of  E.  leptognatlius,  which  will  he  shown  to  belong,  not 
improbably,  to  the  present  species.  No  other  remains  belonging  to  this  species  have 
been  hitherto  described. 

Cranium. — The  cranium  is  at  once  distinguished  from  those  of  all  its  allies  by 
carrying  a large  and  subquadrate  compound  horn-base  immediately  in  front  of  the 
occipital  crest,  from  which  the  probably  branched  horns  must  have  taken  their 
origin.  It  has  been  suggested  that  this  common  horn-base  corresponds  to  the 
posterior  horns  of  Sivatherium ; but  a later  examination  of  the  cast  of  the  skull 
of  Bramatherium  has  thrown  doubt  on  this  view,  as  will  be  subsequently  shown. 
Eor  the  details  of  the  cranium  the  reader  is  referred  to  the  description  already 
quoted.  A noteworthy  point  is  the  presence  of  a large  lachrymal  vacuity,  which  is 
wanting  in  Sivatherium , and  indicates  strong  affinity  with  the  giraffe. 

Upper  molars. — In  describing  the  skull  of  the  present  species  a description 
of  the  upper  molar  teeth  was  given,  while  other  detached  upper  teeth  are  described 

1 Eydaspes , the  Jhelam,  and  Therion  ; from  the  locality  whence  the  specimen  was  obtained, 

2 “Kec.,  Geol.  Sur.  of  India,”  Vol.  IX,  p.  154. 

3 P.  159,  pis.  XXVI,  XXVII. 

4 “ Eec.  Geol.  Sur.  of'  India,”  Vol.  XI,  p.  .90. 
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in  the  notice  in  the  “ Records,”  to  which  reference  has  already  been  made.  In 
these  two  notices  it  was  shown  that  these  teeth  are  distinguished  from  the  upper 
molars  of  Sivatlierium  by  their  inferior  size,  by  the  finer  texture  of  their  outer 
surface,  by  the  absence  of  any  plication  of  the  enamel  of  the  central  pits,  and 
by  the  lesser  development  of  the  ‘ costae  ’ on  the  external  surface  of  the  4 lobes.* 
It  was  further  shown  that  there  was  a certain  amount  of  variability  in  the  latter 
character. 

In  figure  3 of  plate  XVIII  of  this  volume  there  are  represented  two  associated 
upper  molars  of  a large  ruminant  of  slightly  larger  size  than  the  above-mentioned 
molars  of  U.  megacephalum  noticed  in  the  “ Records.”  These  two  teeth  were  obtained 
in  association  with  the  corresponding  teeth  of  the  opposite  side,  by  Mr.  Theobald 
in  the  Siwaliks  of  the  Punjab,  and  are  in  an  intermediate  condition  of  wear.  They 
are  implanted  in  the  hinder  portion  of  the  left  maxilla,  and  are  thus  shown  to  be  the 
second  and  third  true  molars. 

These  teeth,  from  having  been  found  in  the  district  where  the  remains  of  Hy- 
daspitherium  are  so  common,  and  also  from  their  resemblance  in  form  to  the  teeth 
in  the  above-mentioned  skull  of  H.  megacephalum,  are  referred  to  that  species. 
Their  dimensions  are  given  in  the  first  column  of  the  following  table,  while  in  the 
second  are  given  those  of  a detached  specimen  of  smaller  size  : — 

Length  of  second  true  molar l-95  — ... 

Width  „ „ 1-9  — ... 

Length  of  third  „ 1'85  — 1'6 

‘ Width  „ „ 1-8  — 1-55 

The  teeth  in  the  figured  skull  are  intermediate  in  size  between  these  two 
extremes,  and  it  would  thus  seem  that  no  specific  distinctions  can  be  drawn  merely 
from  variations  in  the  size  of  the  upper  molars.  The  smaller  teeth  are  about  the 
size  of  the  molars  of  Bramatherium,  while  the  figured  specimens  are  nearly  equal 
in  size  to  the  molars  of  small-sized  individuals  of  Sivatherium. 

In  the  figured  teeth  there  is  a trace  of  a 4 cingulum  ’ on  the  inner  4 crescents,’ 
which  appears  liable  to  a certain  degree  of  variation  in  the  different  specimens. 

Besides  being  generally  smaller,  the  upper  molars  of  Hydaspitherium  mega- 
cephalum are  at  once  distinguished  from  those  of  Sivatherium  by  the  much  less 
development  of  the  c costae  ’ on  the  outer  surfaces  of  the  e lobes  ’ — a distinction  so 
well  marked  that  there  is  never  any  difficulty  in  determining  isolated  specimens. 

The  upper  molars  of  Vishnutherium  are  distinguished  by  the  almost  complete 
absence  of  any  median  4 costae  ’ on  the  outer  surface  of  the  ‘ lobes,’  and  by  the  pre- 
sence of  the  distinct  4 cingulum.’ 

“When  we  come  to  Bramatherium , on  the  other  hand,  we  find  a much  closer 
resemblance  between  its  upper  molars  and  those  of  the  present  species,  and  it  is 
pretty  certain  that  if  the  skulls  of  the  two  genera  were  unknown,  the  teeth  would 
be  referred  to  the  same  genus,  if  not  to  the  same  species ; indeed,  it  is  quite  possible 
that  some  of  the  teeth  in  the  Indian  Museum  from  the  Punjab  classed  as  Hydaspi - 
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therium  may  really  belong  to  Bramatherium,  though  no  remains  of  the  latter  genus 
have  yet  been  determined  from  that  district.  The  ‘ costse  ’ in  the  molars  of  Brama - 
therium  seem  on  the  whole  to  he  slightly  more  pronounced  than  in  ILydaspitheriuni 
megacephalum' . 

According  to  Professor  Gaudry 1 the  upper  molars  of  Helladotherium  are  very 
like  those  of  Bramatherium,  and  it  is,  therefore,  probable  that  if  we  had  only  the 
evidence  of  the  teeth  to  depend  on,  all  the  three  above-mentioned  genera  would  he 
merged  in  one. 

Mandible — In  cases  where  more  than  one  species  of  a genus,  or  several  closely 
allied  genera  are  found  in  the  same  formation,  there  is  always  extreme  difficulty  in 
assigning  the  different  remains  of  these  allied  forms  to  their  respective  owners,  and 
this  is  especially  the  case  in  the  instance  of  lower  jaws  which  have  to  he  assigned  to 
species  named  from  the  skulls  or  upper  jaws  and  teeth.  This  difficulty  makes  itself 
felt  in  the  case  of  assigning  the  proper  lower  jaw  to  the  present  species,  and  the  diffi- 
culty is  so  great  that  the  following  determination  in  the  case  of  this  and  the  next 
species,  must  be  considered  to  he  open  to  a considerable  element  of  doubt.  It  has, 
however,  been  considered  preferable  to  risk  wrong  association  rather  than  to  make 
unnecessary  and  untrue  species  upon  the  evidence  of  detached  lower  jaws.  In  my 
previous  notice  in  the  “ Records”  so  often  referred  to  already,  there  is  briefly  de- 
scribed 2 a nearly  complete  right  ramus  of  the  mandible  of  a sivatheroid  ruminant, 
under  the  name  of  Hydaspitlierium  leptognathus.  This  jaw  was  referred  to  a new 
species,  under  the  impression  that  the  females  of  the  sivatheroids  were  hornless, 
of  which  there  is  now  no  evidence  3,  and  that  consequently  the  one  known  skull 
of  M.  megacephalum  was  that  of  a full-sized  male.  The  foregoing  reference  of 
larger  upper  teeth  to  the  latter  species  has  removed  the  difficulty  of  difference  of 
size  between  the  skull  of  H.  megacephalum  and  the  present  lower  jaw,  and  there 
is,  therefore,  considerable  probability  that  the  latter  may  be  referred  to  the  same 
species. 

The  specimen,  which  was  obtained  by  Mr.  Theobald  in  the  Siwaliks  of  the  Pun- 
jab, is  represented  in  plate  XIX  of  this  memoir,  and  will  be  seen  to  be  nearly  com- 
plete, only  wanting  the  sympliysial  extremity,  and  a portion  of  the  coronoid  process. 
It  is  in  an  excellent  state  of  preservation,  and  contains  the  whole  of  the  permanent 
molar  series,  which  has  been  but  a comparatively  short  time  in  use,  the  animal  having 
only  just  attained  its  full  dimensions  at  the  time  of  its  death. 

The  general  form  of  the  jaw  is  much  like  that  of  the  jaw  of  the  giraffe  and  the 
antelopes,  but  the  horizontal  ramus  is  more  curved,  both  laterally  and  interiorly, 
than  in  the  former  animal,  while  the  anterior  border  of  the  ascending  portion 
more  nearly  approximates  to  a right  angle  with  the  long  axis  of  the  horizontal 
portion.  The  ‘angle’  is  well  developed,  but  less  so  than  in  the  giraffe.  The 
horizontal  portion  is  slender,  and  curves  outwards  to  a considerable  extent  in  the 
middle,  so  that  the  part  immediately  below  the  hinder  ‘ crescent  ’ of  the  first 

“ Animaux  Fossiles  et  Gdologie  de  l’Attique,”  p.  260.  2 Vol.  XI,  pp.  92-93.  3 “ Records,”  Vol.  XV,  p.  31. 
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true  molar  is  by  far  tlie  most  prominent  point  on  the  whole  of  the  outer  surface  of 
the  jaw. 

The  molars  are  constructed  after  the  usual  type  prevalent  in  the  present 
family,  and  are  coated  by  a moderately  rugose  enamel,  of  somewhat  finer  struc- 
ture than  that  of  Sivaiherium.  The  molars  are  further  distinguished  from  those  of 
the  latter  genus  by  the  smaller  degree  of  development  of  the  4 costae  ’ on  the  inner 
surfaces  of  the  4 lobes/  as  well  as  by  the  greater  obliquity  of  the  c lobes  ’ them- 
selves to  the  long  axis  of  the  crown.  The  penultimate  premolar  ( p.m.  3. ) differs 
from  that  of  the  giraffe  in  possessing  no  distinct  4 lobe  ’ on  its  inner  aspect,  the  pro- 
cesses from  the  4 crescent  ’ forming  the  inner  surface.  In  this  respect  Hydaspither- 
ium  seems  to  agree  with  all  other  ruminants  in  which  the  penultimate  lower 
premolar  is  known,  the  specialisation  of  that  tooth  in  the  giraffe  being  apparently 
peculiar  to  that  animal. 

The  anterior  4 crescent  ’ of  the  first  true  molar  in  the  jaw  before  us  presents  a 
slight  rudiment  of  a 4 cingulum 5 anteriorly,  and  in  all  the  three  true  molars  there  is 
a very  minute  tubercle  in  the  4 median  valley/  attached  to  the  anterior 4 crescent,’  this 
rudimentary  tubercle  being  most  developed  in  the  first  true  molar. 

In  the  following  table  the  dimensions  of  the  lower  jaw  under  consideration  are 
compared  with  those  of  a lower  jaw  of  Camelopardalis  giraffa  in  the  Indian  Museum 
and  also  with  those  of  a lower  jaw  of  a full-sized  individual  of  Sivaiherium  gig anteum} . 


Camelopardalis. 

Hydaspitherium. 

Sivatherium. 

Length  of  whole  molar  series 

6-5 

103 

„ of  four  last  teeth  . . . . 

4-1 

77 

9-0 

„ from  ‘angle’  to  ‘diastema.  ...  . . . 

10  5 

14  5 

Height  from  „ to  summit  of  condyle  . 

5'8 

7'5 

Depth  at  middle  ‘ crescent  ’ of  last  molar 

175 

3-3 

47 

„ at  hinder  „ of  first  

175 

2-52 

3-45 

„ at  second  premolar  ........ 

155 

2-4 

3'0 

Thickness  at  first  molar  . . . . . . 

1-0 

• 1-95 

2-15 

Length  of  first  true  molar  

10 

1-85 

2-05 

Width  of  „ „ . 

09 

1-3 

1*55 

Length  of  second  „ ...  a ...  . 

1-15 

.1-87 

2T5 

Width  of  „ „ 

09 

1 35 

155 

Length  of  third  „ 

175 

264 

2-95 

Width  of  „ „ 

09 

1-25 

1-6 

Height  of  „ „ 

1-14 

17 

2-0(?) 

The  jaw  of  Sivaiherium  measured  in  the  foregoing  table  is  probably  that  of  a 
male  individual,  other  specimens  being  slightly  smaller,  and  probably  belonging 

1 This  jaw  is  in  the  British  Museum,  and  will  be  alluded  to  in  the  sequel.  It  is  figured  in  the  “Palaeontological 
Memoirs”  (pi.  XXI,  fig.  1),  and  there  is  a cast  of  it  in  the  Indian  Museum.  It  contains  the  last  premolar,  and  the 
three  true  molars. 
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to  female  animals.  The  latter  specimens  have  the  same  proportions  as  the  one 
measured. 

The  molars  of  the  figured  jaw  are  distinguished  from  those  of  Bramatkerium 
perimense 1 by  their  superior  size.  If,  however,  the  lower  molars  of  the  two  forms 
had  been  discovered  without  other  remains,  their  differences  would  be  insufficient  to 
indicate  any  generic  distinctions  between  their  respective  owners. 

Erom  the  lower  molars  of  Vishnutherium 2 the  teeth  before  us  are  distinguished 
by  the  absence  of  any  well-marked  e cingulum,’  or  distinct  tubercle  in  the  e median 
valley  ; ’ their  superior  size  is  another  distinctive  point  of  minor  importance. 

It  is  no  easy  matter,  without  the  actual  specimens  before  one,  to  indicate  how 
the  teeth  under  consideration  differ  from  those  of  JELelladotherium  cluvernoyi , of  which 
only  some  imperfectly  developed  specimens  are  figured  by  M.  Gaudry  3„ 

Since  the  length  of  the  second  true  molar  in  the  jaw  before  us  agrees  so  nearly 
with  that  of  the  corresponding  upper  tooth  referred  to  H.  megacephalum  and  re- 
presented in  figure  3 of  plate  XVIII  of  this  memoir,  it  seems  probable,  in  spite  of 
the  opinion  expressed  to  the  contrary  in  the  note  in  the  “ Records,”  that  the  specimen 
may  be  referred  to  that  species. 

Upper  milk-molars. — Mr.  Theobald’s  Siwalik  collection  has  several  specimens  of 
the  upper  milk-molars  of  this  species,  but  as  they  do  not  exhibit  any  striking  features, 
they  will  not  be  further  alluded  to. 

Lower  milk-molars. — In  figure  4 of  plate  XXI  of  this  memoir  is  represented  a 
fragment  of  the  right  ramus  of  a mandible  of  a young  sivatheroid,  collected  by 
Mr.  Theobald  in  the  Siwaliks  of  the  village  of  Patela  in  the  Potwar  district  of  the 
Punjab.  The  specimen  contains  two  teeth,  the  first  of  which  is  broken,  and  is  the 
penultimate  milk-molar ; but  has  only  the  posterior  half  remaining  and  consisting 
of  a distinct  ‘ crescent  ’ and  c lobe.’  The  second  tooth  has  three  complete  divisions, 
and  is  thus  shown  to  be  a last  milk-molar.  It  has  also  a large  tubercle  in  each  of 
the  ‘ valleys,’  and  closely  resembles  the  corresponding  tooth  of  the  giraffe  (plate  xvi, 
figure  8)  and  of  the  sivathere  (plate  xxi,  figure  3),  being  intermediate  in  size  between 
the  two.  The  specimen  is  referred  to  the  present  genus  from  its  clearly  belonging  to 
a giraffoid  animal,  and  from  its  relative  size.  Its  specific  determination  is,  however, 
a matter  of  some  doubt.  The  length  of  the  last  milk-molar  is  1’9  inches  ; and  the 
depth  of  the  jaw  P95  inches,  at  the  front  of  this  tooth.  A precisely  similar  speci- 
men is  described  on  page  95  of  the  eleventh  volume  of  the  “ Records,”  where  it  was 
suggested  that  it  might  belong  to  the  present  species. 

In  figure  3 of  plate  XVI  of  this  volume  is  represented  a small  lower  molar  of  a 
giraffe-like  animal  which  on  page  87  of  the  notice  in  the  “ Records  ” already  quoted, 
was  considered  to  be  the  left  penultimate  premolar  of  Camelopardalis  sivalensis.  The 
specimen  last  noticed  shows,  however,  that  it  must  probably  be  the  penultimate 
milk-molar  of  a species  of  Hydaspitlierium,  as  it  agrees  so  closely  with  the  broken 
specimen  of  that  tooth  in  the  last-mentioned  jaw  . This  specimen,  in  company  with 
another  precisely  similar  one,  was  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the 

1 Supra,  Vol.  I,  pi.  VII,  fig.  13.  2 Ibid.,  fig.  2.  3 Loc.  cit.,  pi.  XLI,  fig.  3. 
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Punjab.  The  remarks  made  in  the  previous  notice  as  to  the  relative  height  of  the 
crowns  of  the  teeth  in  the  giraffe  and  sivatheroids  do  not  apply  to  the  milk-molars. 
The  tooth  differs  from  the  corresponding  milk-molar  of  the  giraffe,  by  the 
absence  of  the  ‘lobe’  on  the  inner  side  {from  which  the  tooth  is  viewed ) of  the  first 
division  of  the  crown,  and  by  the  formation  of  a distinct  pit  at  the  antero-internal 
angle  of  the  tooth  {right  side  of  figure) . The  jaw  in  which  this  tooth  is  implanted 
is  only  PI  inches  in  depth,  and,  therefore,  the  specimen  cannot  belong  to  the  same 
species  as  the  last.  Prom  the  slenderness  of  the  second  jaw  it  is  possible  that  it  may 
belong  to  the  present  species,  while  the  first  and  stouter  jaw  may  belong  to  H.  grande, 
to  which  a much  stouter  form  of  jaw  has  been  assigned.  No  certainty  can,  however, 
attach  to  these  determinations. 

Limb-hones. — Among  Mr.  Theobald’s  Punjab  Siwalik  collection  are  numerous 
limb-bones  of  a large  ruminant,  of  smaller  and  slighter  make  than  those  of  Siva- 
therium,  and  probably  belonging  to  the  present  genus.  Some  of  these  bones,  namely, 
an  associated  humerus,  fore  and  hind c cannon-bones,’  a carpus,  and  proximal  phalan- 
geals,  were  obtained  at  Niki,  and  may  pretty  certainly  be  referred  to  the  present 
species,  whose  teeth  are  abundant  in  that  locality.  In  the  present  notice  only  such  of 
these  limb-bones  as  illustrate  the  divergence  of  the  present  genus  from  Sivatherium 
will  be  further  alluded  to. 

Metacarpus. — In  figure  10  of  plate  XYII  of  this  memoir  there  is  represented  a 
specimen  of  the  left  metacarpus  of  Mydaspithenum  megacephalum,  from  Niki.  The 
specimen  is  unfortunately  broken  in  the  middle,  and  a certain  portion  is  missing,  so 
that  the  precise  length  of  the  bone  cannot  be  ascertained.  Erom  the  diameter  of 
the  fragments,  however,  when  complete,  it  could  not  have  been  shorter  than  is  re- 
presented (on  a scale  of  3H1)  in  the  figure.  The  bone  was  associated  with  the 
carpus,  and  with  one  of  the  proximals  phalangeals  (figure  11).  A comparison  of  the 
figure  with  that  of  the  metacarpus  of  Sivatherium  (figure  I of  same  plate)  shows 
that  the  two  bones  are  of  very  different  types  of  structure,  that  of  JELydaspitherium 
being  longer,  than  that  of  Sivatherium,  while  its  articular  surfaces  are  smaller.  The 
shaft  of  each  of  the  two  bones  has  nearly  the  same  dimensions,  the  articular  ex- 
pansions being  relatively  smaller  than  in  Sivatherium. 

The  form  and  dimensions  of  the  bone  come  much  nearer  to  those  of  the  meta- 
carpus of  Kelladotherium  (figure  5 of  same  plate),  but  the  Indian  bone  is  slightly 
the  more  slender  of  the  two,  and  the  condylar  expansion  is  less  marked. 

The  dimensions  of  the  three  above-mentioned  metacarpal  bones  are  compared 
in  the  following  table  : — 


Sivatherium. 

Hydaspitherium. 

Helladotherium 

Total  length 

18-7 

17-0  (?) 

16-0 

Breadth  of  superior  surface 

4-7 

4-2 

4-28. 

„ of  inferior  . 

4-7 

3*6 

3-95 

„ of  single  condyle 

22 

1-66 

D 
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These  dimensions  show  that  the  anterior  ‘ cannon-bone  ’ of  the  hydaspithere 
forms  another  step  from  that  of  the  helladothere  in  the  direction  of  the  giraffe. 
The  head  of  the  Indian  hone  shows  a distinct  remnant  of  the  second  metacarpal  on 
its  postero-internal  angle,  even  more  distinctly  than  that  pointed  out  by  Professor 
Gaudry  in  ILelladotherium  while  a peculiar  projection  on  the  outer  side  of 
the  head  appears  to  he  the  indication  of  a remnant  of  the  fifth  metacarpal.  In  the 
inferior  portion  of  the  hone  there  is  a median  septum  dividing  the  medullary  cavity 
into  two  tubes,  hut  superiorly  these  two  tubes  have  coalesced.  This  septum  indicates 
a close  affinity  with  animals  in  which  the  metacarpals  were  not  fused  into  a c can- 
non-bone/ 

Metatarsus . — We  have  no  complete  specimen  of  the  metatarsus*  A fragment 
of  the  condylar  extremity  belonging  to  the  same  individual  as  the  metacarpus,  shows 
the  same  dimensions  across  the  condyles.  There  is  a wide  groove  on  the  anterior 
surface,  which  is  wanting  in  the  metacarpus.  The  medullary  cavity  is  divided  into 
two  divisions  by  a median  septum. 

Proximal  phalangeal. — The  external  proximal  phalangeal  hone  associated  with 
the  metacarpus  described  above,  is  represented  in  figure  11  of  plate  XVII,  of  half  the 
natural  size.  The  hone  is  nearly  as  long  as  the  corresponding  hone  of  Sivatherium 
(plate  XVII,  figure  9),  hut  is  much  slenderer  and  slighter,  approaching  in  this 
respect  the  giraffe.  The  proximal  phalangeal  of  Helladotherium  seems  very  similar 
to  the  present  specimen. 

Calcaneum. — The  last  hone  calling  for  any  special  notice  is  the  calcaneum,  of 
which  a complete  specimen  from  the  Punjab  is  represented  in  figure  7 of  plate  XVII, 
of  half  the  natural  size.  This  hone  is  referred  to  the  present  species  as  being  distinct 
from  the  calcaneum  of  Sivatherium , and  as  evidently  belonging  to- a large  sized  rumi- 
nant allied  to  the  giraffe.  It  resembles  the  corresponding  hone  of  the  latter  animal 
indeed,  very  closely,  being  mainly  distinguished  by  its  much  larger  size.  It  is 
readily  distinguished  from  the  calcaneum  of  Sivatherium , of  which  an  imperfect 
specimen  is  represented  in  figure  12  of  plate  D of  the  ecEauna  Antiqua  Sivalensis,” 
by  its  superior  surface  being  broad  and  flattened  for  the  greater  part  of  its  length 
in  place  of  being  produced  into  a sharp  edge.  In  this  respect  the  bone  agrees  with 
the  calcaneum  of  the  giraffe.  The  dimensions  of  this  bone  are  compared  below  with 
those  of  the  calcaneum  of  Sivatherium : — 


Sivatherium. 

Hydaspitherium. 

Total  length 

8-6 

Projection  of  heel  .... 

62 

5-5 

Breadth  of  calcaneal  tuberosity 

29 

2-1 

Height  „ „ „ . 

2-8 

2-0 

1 “ Les  Enchainements  du  Monde  Animal,”  figure  147. 


SIWALIK  CAMELOPARDALICLE. 


27—125 


Vertebral  column. — In  the  Siwalik  collection  of  the  Indian  Museum  there  are 
several  cervical  vertebrae  of  large  ruminants  of  a different  form  from  the  one  referred 
above  to  Vishnutherium , and  from  those  of  Sivatherium,  figured  in  the.  “ Eauna 
Antiqua  Sivalensis,”  and  those  described  by  Dr.  Ealconer  in  the  “ Catalogue  of 
the  Siwalik  collection  of  the  Asiatic  Society  of  Bengal.”  These  specimens  were 
all  obtained  from  the  western  Punjab,  and  doubtless  belong  to  the  present  genus. 

Atlas. — The  first  of  these  specimens  is  an  atlas  vertebra,  collected  by  Mr. 
A.  B.  Wynne  (Indian  Museum,  No.  B.  380).  It  has  much  the  same  proportions, 
hut  is  of  smaller  dimensions  than  the  atlas  of  S 'ivatherium,  represented  in  figure  1 
of  plate  B of  the  “ Eauna  Antiqua  Sivalensis.” 

Axis. — The  next  specimen  is  an  axis  vertebra,  collected  by  Mr.  Theobald 
(Indian  Museum,  No.  B.,  381).  This  specimen  is  nearly  as  large  as  the  correspond- 
ing vertebra  in  the  same  collection  described  by  Dr.  Ealconer1,  hut  has  very  different 
proportions,  as  is  shown  by  the  following  measurements  : — 


Hydaspitherium. 

Sivatherium. 

Width  of  articulating  surface  for  atlas  . . . . 

5'5 

56 

Length  of  lamina  of  neural  arch  ........ 

3-8 

26 

Interval  between  anterior  aperture  of  neural  canal  and  hind  border  of 
post-zygapophysis  .......... 

63 

4-4 

The  posterior  extremity  of  the  ‘ centrum’  of  the  vertebra  of  Hydaspitherium 
has  been  broken,  away,  so  that  the  length  of  this  part  cannot  be  compared  in  the 
two  specimens.  • The  dimensions  given  above,  however,  clearly  show  that  the  verte- 
bra in  question  is  of  a more  elongated  type  than  that  of  Sivatherium. 

Fifth  cervical. — A specimen  of  a fifth  cervical,  collected  by  Mr.  Theobald 
(Indian  Museum,  No.  B.  285),  is  relatively  longer  and  narrower  than  the  correspond- 
ing vertebra  of  Sivatherium , of  which  a specimen  is  described  by  Dr.  Ealconer2, 
and  the  condyle  is  proportionately  longer  and  narrower. 

The  following  are  the  dimensions  of  the  two  specimens  : — 


Hydaspitherium. 

Sivatherium. 

Length  of  inferior  surface  to  condyle  ....... 

3-8 

3-4 

Width  between  inferior  lamellae  of  transverse  processes 

2*3 

35 

Vertical  diameter  of  condyle  ......... 

35 

2-92 

Transverse  „ „ ......... 

2-72 

2-3 

1 “ Pal.  Mem.,”  Vol.  I,  p.  273.  Ind.  Mus.,  No.  B.  376.  An  imperfect  specimen  is  figured  in  “F.  A.  S.” 
pi.  B.,  fig.  3. 

2“  Pal.  Mem.,”  Vol.  I,  p.  276,  No.  338. 
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Sixth  cervical . — A sixth  cervical  vertebra  of  a ruminant  is  described  by  Dr. 
Ealconer1  as  that  of  a small  sivathere.  This  vertebra  is,  however,  narrower  than  the 
sixth  cervical  of  Sivatherium  (plate  XII),  and  is  distinguished  by  a distinct  liypapo- 
physial  keel.  It  may  belong  to  the  present  species. 

The  dimensions  of  the  two  specimens  are  given  below  : — 


Hydaspitherium. 

Sivatherium. 

Length  of  superior  surface  of  centrum  ....... 

41 

4'3 

Width  between  inferior  lamellae  of  transverse  processes  ..... 

3-02 

33 

Vertical  diameter  of  condyle  ......... 

32 

33 

Transverse  „ „ 

23 

2-6 

The  foregoing  comparisons  indicate  that  the  liydaspithere  was  provided  with 
a neck  somewhat  longer  than  that  of  the  sivathere. 

Distribution. — With  the  exception  of  the  sixth  cervical  vertebra  described 
above,  which  seems  to  have  come  from  the  true  Siwalik  hills,  remains  of  the  present 
species  have  only  been  obtained  from  the  Siwaliks  of  the  Punjab,  between  the 
Jhelam  and  Indus  rivers. 

Summary. — The  examination  of  all  the  remains  in  the  Indian  Museum,  which 
can  be  referred  to  Hydaspitherium  megacephalum  indicates  that,  as  far  as  regards 
its  length  of  limb,  it  was  further  removed  from  the  sivathere  than  is  the  hella- 
dothere ; the  structure  of  its  horns,  however,  places  it  nearer  to  the  former.  In  the 
length  of  its  neck  it  makes  one  step  from  the  same  in  the  direction  of  the  vish- 
nuthere  and  the  giraffe;  to  the  latter  of  which  it  is  allied  by  the  presence  of 
a lachrymal  vacuity. 

Abolition  of  H.  leptognathus. — The  provisional  reference  of  the  mandible 
described  above  to  the  present  species  renders  it  necessary  that  the  species  known 
as  H.  leptognathus  should  be  withdrawn. 

Species:  2.  Hydaspitherium  grande,  Nobis. 

History. — This  species  was  founded  upon  the  evidence  of  an  upper  molar  of  a 
sivatheriod,  obtained  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab,  and  briefly 
described  in  the  “Records”  for  18782.  The  tooth  differed  from  the  molars  of  all 
other  sivatheriods,  but  seemed  to  be  nearest  to  those  of  H.  megacephalum.  It  is, 
however,  quite  possible  that  this  reference,  which  is  merely  provisional,  should  turn 
out  incorrect,  and  that  the  tooth  must  be  referred  to  a new  genus.  The  provisional 
reference  to  Hydaspitherium  is  intended  to  obviate  the  creation  of  a new  genus 
without  adequate  cause.  In  the  same  notice3  a ramus  of  a mandible  was  pro- 

1 “ Cat.  Mus.,  A.  S.  B.,”  No.  603 ; not  mentioned  in  “ Pal.  Mem.”  Ind.  Mus.,  No.  B.  382. 

2 “ Vol.  XT,  p,  93. 

» Loc.  at. 
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visionally  referred  to  tlie  same  species.  No  other  remains  have  been  hitherto 
described. 

Present  notice—  In  this  memoir  the  two  specimens  mentioned  above  are  de- 
scribed and  figured,  and  a calcaneum  and  proximal  phalangeal,  different  from  those  of 
any  other  sivatheroid,  are  provisionally  ref  erred  to  the  species.  No  other  parts  of  the 
skeleton  have  been  yet  determined. 

Upper  molar. — In  figure  2 of  plate  XXI  of  this  volume  the  specimen  of  an 
upper  true  molar,  noticed  above,  is  figured  ; it  is  the  penultimate  tooth  of  the  left 
side,  and  is  scarcely  touched  by  wear ; the  summit  of  the  anterior  ‘ lobe  ’ has  been 
somewhat  damaged.  The  characteristic  rugose  structure  of  the  enamel,  and  the 
large  size  of  the  specimen  shows  that  it  belongs  to  the  present  group  of  ruminants. 
The  characteristic  points  of  the  tooth  are  the  great  height  of  the  crown,  the  slight 
development  of  the  median  ‘ costa  ’ on  the  anterior  c lobe,’  and  its  complete  absence 
on  the  posterior  ‘ lobe.’  The  latter  points  at  once  distinguish  the  tooth  from  the 
molars  of  Sivatherium.  The  teeth  of  Bramatherium , and  most  of  those  of  Hydas- 
pitherium  megacephalum  differ  in  the  greater  development  of  the  c costae,’  though 
some  -varieties  referred  to  the  latter  make  an  approach  in  this  respect.  The  latter 
teeth  have,  however,  relatively  lower  crowns,  the  dimensions  being  as  follows  : — 


H.  grande. 

H.mega.  1 

Length,  of  crown  ..... 

1-8 

1-6 

Width  „ „ 

1-8 

17 

Height  „ „ 

1-6 

1-2 

The  absence  of  a e cingulum  ’ distinguishes  the  tooth  from  the  molars  of  Vishnu - 
therium.  On  the  whole,  it  seems  probable  that  the  present  and  another  similar 
tooth  in  the  Indian  Museum  belong  to  a second  species  of  Hydaspitherium  for  which 
the  name  3.  grande  has  been  proposed. 

Mandible.— In  plate  XX  of  this  memoir  is  figured  the  greater  portion  of  the 
left  ramus  of  the  mandible  of  a sivatheroid,  obtained  by  Mr.  Theobald  in  the 
Siwaliks  of  the  western  Punjab,  and  provisionally  referred  by  myself  in  the 
“ Records  ” 1 to  the  present  species.  The  following  description  is  mainly  copied 
from  that  notice.  The  specimen  is  broken  off  immediately  behind  the  last  true 
molar,  and  extends  as  far  forwards  as  the  commencement  of  the  symphysis ; it 
shows  the  last  premolar  and  the  three  true  molars,  the  first  and  last  teeth  having  only 
been  in  use  for  a short  time.  The  ramus  of  the  mandible  differs  from  the  one 
referred  to  3.  megaceplialum  (plate  XIX)  by  its  much  greater  vertical  depth,  and 
by  its  outer  surface  being  slightly  concave,  in  place  of  markedly  convex,  in  both  of 
which  respects  it  approaches  the  mandible  of  Sivatherium.  The  structure  of  the 
molars,  however,  at  once  distinguishes  the  specimen  from  the  latter  genus,  as  it 

1 Vol.  XI,  p.  93. 


128—30  INDIAN  TERTIARY  AND  POST-TERTIARY  VERTEBRATA. 


does  also  from  R.  megacephalum.  The  ‘lobes’ of  the  teeth  are  placed  still  more 
obliquely  to  the  long  axis  of  the  jaw  than  in  the  latter  species,  while  the  median 
‘ costse  ’ are  much  less  developed,  those  of  the  second  ‘ lobes 5 being  almost  obliterated. 
If  a rod  be  placed  on  the  inner  surfaces  of  the  last  true  molar,  it  will  only  rest  on 
their  posterior  ‘ costse,’  while  in  R.  megacephalum  it  will  rest  on  the  median  ‘ costse  ■ 
of  the  hind  ‘ lobe,’  and  the  posterior  ‘ costse  ’ of  the  fore  ‘ lobe ;’  in  Sivatherium  a 
similarly  placed  rod  will  rest  on  the  median  ‘ costse  ’ of  both  ‘ lobes/  This  shows 
that  the  teeth  of  the  present  specimen  are  further  removed  from  the  Sivatherium 
type  than  those  of  R.  megacephalum.  The  last  premolar  is  a very  characteristic 
tooth,  and  is  remarkable  for  the  great  proportionate  development  of  its  posterior 
* crescent  ’ and  ‘ lobe.’  The  inner  surface  of  the  ‘ lobe  ’ is  fan-shaped,  and  nearly 
flat,  the  median  ‘ costa  ’ being  very  slightly  developed,  and  the  anterior  ‘ costa  ’ 
forming  the  front  border  of  the  tooth.  In  the  last  premolar  of  Sivatherium  the 
median  ‘ costa  ’ is  very  largely  developed,  forming  the  most  prominent  part  on  the 
outer  surface  ; the  inner  surface  of  the  ‘ lobe  ’ itself  is  relatively  taller  and  narrower, 
with  straight er  borders.  In  R.  megacephalum  the  ‘ jobe  ’ of  the  corresponding 
tooth  is  both  narrower  and  higher  than  the  tooth  in  question,  and  would  alone  be 
sufficient  for  the  distinction  of  the  two  species.  In  the  following  table  the  dimen- 
sions of  the  specimen  before  us  are  compared  with  those  of  the  lower  jaws  of  Siva- 
therium and  R.  megacephalum  : — 


H.  megacephalum. 

H.  grande. 

Sivathirium. 

Length  of  last  premolar 

1-7 

Width  „ 

il 

Height  „ 

1-6 

1-4 

1-72 

Length  of  inner  surface  of  anterior  lobe  of  ditto 

1*05 

1-3 

• 1-4 

„ first  true  molar  . . . . 

1-85 

1-98 

2-05 

Width  „ 

1*3 

1-2 

1-55 

Length  of  second  „ 

1-87 

■ 2 04 

2-15 

Width  „ 

1’35 

1-23 

1-15 

Length  of  third  

2-64 

25 

2-95 

Width 

1-25 

1-3 

1-6 

Height  „ 

1-7 

1-7 

2 0 (?) 

Length  of  four  last  teeth 

77 

Depth  of  jaw  at  first  true  molar  . . , , 

2-52 

3-7 

3-45 

„ „ third  „ .... 

3-3 

37 

4'7 

The  differences  in  the  form  of  the  specimen  indicated  by  the  above  dimensions, 
together  with  the  differences  in  the  structure  of  the  teeth,  render  it  pretty  certain  that 
it  cannot  be  referred  either  to  Sivatherium  or  to  Ry daspitherium  megacephalum. 
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while  the  size  of  the  specimen,  apart  from  other  characters,  distinguishes  it  from 
the  jaw  either  of  Vishnutherium  or  Bramatherium.  In  the  flatness  of  the  inner 
surfaces  of  the  ‘ lobes  ’ of  its  molars  this  specimen  corresponds  with  the  upper 
molars  referred  to  R.  grancle.  The  two  series  of  teeth  further  agree  in  respect  of 
size,  and  in  the  relative  degree  of  obliquity  of  their  component  parts  to  the  long  axis 
of  the  jaw.  On  these  grounds  the  specimen  is  provisionally  referred  to  the  last- 
named  species.  The  form  of  this  mandible  indicates  that  its  owner  was  a stouter- 
made  animal  than  R.  megacephalum,  in  which  respect  it  is  nearer  to  the  sivathere. 

It  may  he  added  that  the  central  enamel  pits  are  very  large,  and  that  there  are 
no  tubercles  in  the  outer  c valleys,’  except  in  the  second  * valley  ’ of  the  last  true 
molar,  where  there  is  a large  conical  tubercle.  Other  teeth,  probably  belonging  to 
the  same  species  seem  to  indicate  some  degree  of  variation  in  this  respect. 

Calcaneum. — In  figure  1 of  plate  XVIII  of  this  memoir  is  represented,  of  half 
the  natural  size,  a right  calcaneum  of  a large  ruminant,  different  from  the  corre- 
sponding bone  either  of  Sivatherium  or  of  R.  megacephalum,  and  presenting  consider- 
able resemblances  to  that  of  the  giraffe.  The  specimen  has  lost  its  posterior  apophy- 
sis, and  is  noticeable  for  its  comparative  shortness  and  great  vertical  depth.  Being 
a deeper  bone  than  the  calcaneum  of  H.  megacephalum , this  specimen  would  cor- 
respond well  with  the  lower  jaw  referred  to  R.  grande , and  is  accordingly  provi- 
sionally placed  under  that  species.  It  should,  however,  be  observed  that  this  speci- 
men differs  more  from  the  calcaneum  of  R.  megacephalum  than  does  the  latter  from 
the  corresponding  bone  of  Sivatherium,  whence  there  is  a possibility  of  the  specimen 
before  us  belonging  to  a distinct  genus,  to  which  the  so-called  R.  grande  may  really 
belong,  or  which  may  be  new.  Other  parts  of  the  skeleton  are  necessary  to  deter- 
mine this  point.  The  length  of  the  specimen  is  7 inches,  and  its  greatest  vertical 
diameter  3 ’8  inches. 

Proximal  phalangeal. — In  figure  8 of  plate  XVII  is  represented,  of  half  the 
natural  size,  the  proximal  phalangeal  bone  of  a sivatheroid,  collected  by  Mr.  Theo- 
bald in  the  Sivaliks  of  Niki,  which  may  possibly  belong  to  the  present  species.  The 
bone  is  relatively  shorter  and  stouter  than  the  proximal  phalangeal  of  R.  megace- 
phalum, from  which  it  has  been  thought  that  it  may  belong  to  the  present  species. 
It  differs  also  in  the  form  of  the  inferior  condyles ; the  bone  indicates  an  animal 
more  nearly  allied  to  the  Sivatherium  than  to  the  giraffe. 

Distribution. — All  the  remains  provisionally  referred  to  this  genus  have  been 
obtained  from  the  Siwaliks  of  the  Punjab  to'  the  westward  of  the  River  Jhelam. 


Genus  V : BRAMATHERIUM x,  Falconer. 

Another  genus  of  four-horned  ruminants,  of  large  size,  and  distinguished  from 
the  last  by  the  arrangement  of  the  horns,  and  containing  only  a single  species. 


1 Br&na,  a member  of  the  Hindu  trinity,  and  Therion. 
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As  the  genus  contains  only  a single  species,  its  history  may  he  given  under  the  head 
of  that  species. 

Species:  Bramatherium  perimense,  Falconer. 

History.  - This  genus  was  established  in  1815  by  Dr.  Ealconer  for  the  recep- 
tion of  the  present  species  upon  the  evidence  of  some  upper  molar  teeth  sent  to 
England  from  Perim  Island  by  Captain  Eulljames.  The  memoir  in  which  these 
specimens  were  described  appeared  in  the  “ Journal  of  the  Geological  Society  ” for 
1845,  and  is  reprinted,  with  the  illustrations,  in  the  “ Palaeontological  Memoirs  ” \ 
An  appendix  was  added  to  this  memoir  referring  to  a skull  of  a four-horned  rumi- 
nant from  Perim  Island,  which  it  was  suggested  might  be  the  same  as  Bramathe - 
Hum.  This  skull  was  described  and  figured  by  Mr.  Bettington,  and  a note  added  by 
Professor  Owen,  during  the  same  year3,  but  was  not  named.  In  1876  some  lower 
molars  from  the  same  locality  were  described  and  figured  by  myself 3.  And  in  1878 
and  1880  4 it  was  shown  that  the  cranium  noticed  above  really  belonged  to  B.  peri- 
mense. In  plate  E.  of  the  “ Eauna  Antiqua  Sivalensis  ” a considerable  number  of 
specimens  of  broken  limb-bones  of  this  species  are  figured. 

Present  notice. — No  new  specimens  of  the  remains  of  Bramatherium  have  been 
obtained  by  the  Indian  Museum,  and  the  present  notice  will,  therefore,  only  men- 
tion the  most  important  characters  of  the  species. 

Cranium. — The  cranium  figured  by  Mr.  Bettington  in  the  memoir  already 
quoted,  is  of  considerably  smaller  size  than  that  of  Sivatherium,  and  seems  to  lack 
the  curved  nasals  so  characteristic  of  that  genus.  Its  most  distinctive  characters 
are  the  horns,  which  consist  of  a front  pair  rising  from  a conjoint  base  between  the 
orbits,  and  of  a second  pair,  also  of  large  size,  rising  from  distinct  bases  on  either 
side  of  the  occiput.  In  a former  memoir5  it  was  considered  that  the  anterior 
horns  of  this  genus  were  homologous  with  the  posterior  horns  of  Sivatherium.  An 
examination  of  a cast  of  the  skull  of  Bramatherium,  which  had  not  previously  come 
under  my  observation,  has,  however,  shown  that  this  view  is  untenable,  and  that, 
as  was  considered  to  be  the  case  by  Mr.  Bettington,  the  conjoint  anterior  horns 
must  be  homologous  with  the  small  separated  horns  of  Sivatherium.  This  view  also 
shows  that  the  conjoint  horns  of  Hydaspitherium,  which  are  clearly  the  homologues 
of  those  of  Bramatherium,  must  likewise  represent  the  anterior  horns  of  Sivatherium, 
unless  they  contain  representatives  of  both  pairs  of  the  latter  genus.  Tlip  specimen 
is  too  much  damaged  to  permit  it  to  be  determined  whether  a lachrymal  vacuity 
was  present. 

Teeth  and  mandible. — The  upper  molars  are  sufficiently  described  in  Dr. 
Ealconer’s  original  memoir.  As  already  stated,  both  the  upper  and  lower  molars 

1 Vol.  I,  p.  391  et  teq.,  pi.  33,  figs.l  to  4.  In  figure  3 the  teeth  are  represented  as  if  each  of  their  divisions 
formed  a distinct  tooth. 

2 “ Jour.  Royal  Asiatic  Society,”  Vol.  VIII,  pp.  340  to  417. 

3 Supra,  Vol.  I,  p.  60,  pi.  VII,  fig.  13. 

4 Ibid.,  pp.  160  to  179. 

5 Supra,  Vol.  I,  p.  166. 
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cannot  be  generically  distinguished  from  the  teeth  of  Hydaspitherium . The 
mandible  is  rather  stouter  than  that  of  Vishnutherium , and  the  lower  molars  are 
distinguished  from  those  of  the  latter  genus  by  the  absence  of  a ‘cingulum.’  The 
difference  in  size  is  the  main  point  distinguishing  the  mandible  and  lower  molars 
from  those  of  Sivatherium  and  Hydaspitherium . 

Metacarpal  and  phalangeal.— The,  only  limb-bones  referred  to  this  genus  which 
need  specific  mention  here,  are  an  imperfect  metacarpal  and  a proximal  phalangeal. 
A specimen  of  a lower  half  of  the  former  bone  is  represented  in  figure  5 of  plate  E 
of  the  “ Eauna  Antiqua  Sivalensis,”  which  is  the  most  perfect  specimen  of  a 4 can- 
non-bone ’ of  this  genus  yet  known,  the  specimens  in  the  Indian  Museum  being 
broken  off  lower  down  the  shaft.  As  far  as  can  be  judged  from  the  broken  speci- 
mens, this  bone  appears  to  have  had  much  the  same  proportions  as  the  metacarpus  of 
Hydaspitherium , but  the  condyles  are  separated  by  a wider  interval.  A specimen 
of  a proximal  phalangeal  is  represented,  of  half  the  natural  size,  in  plate  XVII, 
figure  6 of  this  memoir.  It  is  of  much  the  same  type  as  the  corresponding  bone  of 
Hydaspitherium.  It  is  probable  that  the  humerus  and  dorsal  vertebra,  described  on 
page  207  of  the  first  volume  of  the  “ Palaeontological  Memoirs  ” by  Dr.  Ealconer 
as  belonging  to  Camelopardalis,  really  belong  to  the  present  species. 

Distribution.-—  Remains  of  this  species  have  hitherto  been  recognized  only  from 
Perim  Island,  though  it  is  possible  that  some  of  the  teeth  from  the  Punjab  referred 
to  Hydaspitherium  may  belong  to  it.  The  absence  hitherto,  however,  of  any 
remains  of  sivatheroids  in  the  intermediate  district  of  Sind  may  possibly  indicate 
that  the  Perim  and  Punjab  representatives  of  this  group  were  distinct. 

Summary. — The  known  remains  of  Bramatlierium  indicate  that  it  was  a four- 
horned ruminant  resembling  the  hydaspithere  in  this  point  and  in  its  length  of 
limb. 


Genus  VI : SIVATHERIUM  S Bale,  and  Caut. 

Eour-horned  ruminants,  with  each  horn,  or  antler,  arising  from  a distinct  base, 
the  anterior  horns  simple,  and  the  posterior  palmate.  As  the  genus  includes  only 
one  species,  its  history  may  be  given  under  that  head. 

Species:  Sivatherium  giganteum,  Falconer  and  Cautley. 

History. — The  first  notice  of  the  remains  of  this  giant  among  ruminants  ap- 
pears to  be  one  by  the  late  Sir  W.  E.  (then  Lieutenant)  Baker,  on  an  antler  and 
some  cervical  vertebrae  of  a large  ruminant  from  the  Siwaliks,  described  as  belonging 
to  a species  of  elk1  2.  This  paper  was  published  in  September  1835,  and  the  specimens 
therein  described,  which  are  now  in  the  Indian  Museum,  were  subsequently  cata- 
logued by  Dr.  Ealconer  as  belonging  to  his  Sivatherium.  In  October  in  the  same 
year,  a letter  was  communicated  to  the  Asiatic  Society  of  Bengal  from  Sir 

1 Siva  (or  properly  Shiva),  one  of  the  Hindu  trinity,  and  Therion. 

2 “ J.  A.  S.  B.,”  Vol.  IV,  p.  506,  pi.  XLIV. 
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P.  T.  Cautley  \ in  which  the  name  Sivatherium  is  incidentally  mentioned,  apparently 
for  the  first  time.  In  1836  a memoir  on  this  genus,  with  illustrations,  appeared  both 
in  the  “Asiatic  Researches”2  and  in  the  “Journal  of  the  Asiatic  Society  of 
Bengal  ” 3. 

In  1837  Colonel  Colvin  communicated  a note,  with  illustrations,  on  an  occiput 
and  lower  jaw  of  the  Sivatherium 4. 

In  1839  the  original  skull  described  by  Messrs.  Ealconer  and  Cautley,  together 
with  the  last-mentioned  lower  jaw,  was  again  figured  by  Dr.  Royle 5. 

In  his  “ Odontography,”  published  between  1840  and  1845,  Professor  Owen 
makes  a few  remarks  on  the  teeth  of  Sivatherium , and  figured  the  last  lower  true 
molar  (pi.  cxxxiii,  fig.  3). 

In  the  “Eauna  Antiqua  Sivalensis,”  the  bones  of  the  skull  and  the  greater 
part  of  the  skeleton  are  figured  in  plates  xci,  and  xcii  a,  b,  c,  and  d. 

In  1859  a considerable  number  of  remains  of  Sivatherium  were  described  by 
Dr.  Ealconer  in  his  “ Catalogue  of  the  Siwalik  collections  of  the  Asiatic  Society  of 
Bengal.” 

In  1862  Professor  Gaudry  showed 6 that  a skull  assigned  by  Ealconer  and 
Cautley  to  the  female  of  Sivatherium , belonged  to  the  allied  genus  Helladotherium. 

In  1862,  the  late  Dr.  Murchison  published  the  “ Palaeontological  Memoirs” 
which  contains  a reprint  with  illustrations  of  Dr.  Ealconer’s  papers,  and  also  an 
appendix  published  for  the  first  time  (vol.  I,  p.  266).  This  appendix  contains  a 
description  of  the  specimen  of  the  occiput  described  by  Colonel  Colvin  and  of 
numerous  bones. 

In  1871,  Professor  Murie  published  an  elaborate  memoir  on  the  present  genus 7 
with  restored  figures  of  the  skeleton  and  of  the  complete  animal. 

In  the  previous  volume  of  this  work  there  are  various  incidental  allusions  to 
Sivatherium  giganteum , and  an  upper  true  molar  is  represented  in  figure  3 of 
plate  XXVII.  The  above  are  all  the  original  notices  of  this  species  of  any  im- 
portance with  which  I am  acquainted. 

Object  of  present  notice. — The  Siwalik  collection  of  the  Indian  Museum  con- 
tains comparatively  few  remains  of  Sivatherium , since  that  genus  does  not  seem 
to  occur  in  the  Siwaliks  either  of  the  western  Punjab  or  of  Sind,  from  which  dis- 
tricts by  far  the  greater  portion  of  the  collection  was  obtained.  There  are,  therefore, 
but  few  new  specimens  of  any  importance  to  describe,  and  indeed,  the  memoirs  of 
Dr.  Ealconer  on  this  subject  are  so  full  and  accurate  that  little  remains  to  be  added 
to  them.  The  present  notice  will,  therefore,  be  confined  to  some  brief  remarks  on 
various  portions  of  the  skeleton  and  on  the  serial  position  of  the  genus,  in  the  latter 

1 “ J.  A,  S.  B.,  ” Vol.  IV.,  p.  585  et  seq. 

2 Vol.  XIX,  p.  1. 

3 “ J.  A.  S.  B.,  ” Vol.  V,  p.  38,  pi.  I. 

4 6.  Ibid.,  Vol.  VI,  p.  152,  pis.  VIII,  IX. 

5 “Illustrations  of  the  Botany,  etc.,  of  the  Himalayan  Mountains,”  Vol.  II,  pi.  VI. 

6 “ Animaux  Fossiles  et  Gdologie  de  l’Attique,”  p.  260. 

7 “Geol.  Mag.”  Vol.  VIII,  p,  438,  pis.  XII,  XIII. 
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of  which  points  my  own  opinion  differ  considerably  from  those  of  previous  writers. 
Figures  have  been  given  of  a few  of  the  molars,  of  a cervical  vertebra,  and  (on  a 
reduced  scale)  of  the  ‘ cannon-bones  ’ and  a phalangeal. 

Upper  molars. — In  figure  1 of  Plate  XXI,  the  left  upper  true  molar  of  Siva- 
tkerium  giganteum  figured  in  the  first  volume  of  this  work,  has  been  redrawn  and 
lithographed  in  order  to  facilitate  comparison  with  the  molars  of  Vishnutherium  and 
Bydaspitkerium.  The  tooth  is  an  isolated  specimen,  collected  by  Mr.  Theobald  in 
the  Siwaliks  of  the  Kangra  district,  and  from  its  presenting  disks  of  pressure  both 
on  the  preaxial  and  postaxial  surfaces,  must  be  either  the  first  or  second  true  molar. 
The  tooth  is  not  so  large  as  some  other  specimens,  but  exhibits  well  the  points 
characteristic  of  the  genus.  The  most  distinguishing  point  is  the  great  develop- 
ment of  the  c costse  ’ on  the  external  surface,  sections  of  which  are  exhibited  on  the 
worn  masticating  surface  shown  in  the  figure.  The  c lobes  ’ are  oblique  to  the  long  axis 
of  the  crown  in  only  a small  degree.  The  central  enamel  pits  are  extremely  deep,  and 
the  enamel  very  rugose.  A peculiar  character  is  the  presence  of  a projection  from 
the  preaxial  surfaces  of  both  the  hinder  ‘ lobe’  and  ‘ crescent 5 projecting  in  front  of 
the  postero-external  angles  of  the  anterior  ‘ lobe 5 and  c crescent.’  These  projections 
appear  to  be  constant  in  all  specimens  of  the  upper  molars,  and  are  unknown  in 
other  genera.  There  is  no  trace  of  a ‘ cingulum  ’ on  the  inner  aspect  of  the  ' cres- 
cents,’ but  there  is  a minute  tubercle  placed  high  up  in  the  ‘ median  valley  ’ and 
attached  to  the  anterior  crescent. 

A very  fine  specimen  of  the  anterior  upper  molars  of  the  left  side  is  contained 
in  the  collection  of  the  Eoyal  College  of  Surgeons,  of  which  we  have  a cast  in  the 
Indian  Museum  (Xo.  B.  361).  The  teeth  shown  are  the  third  and  fourth  premolars 
and  the  last  true  molar,  the  latter  being  rather  larger  than  the  specimen  figured 
here.  The  premolars  are  remarkable  for  their  enormous  absolute  and  relative  size. 
The  following  table  gives  the  dimensions  of  these  teeth,  and  of  the  specimen 
figured  here,  which  is  arbitrarily  taken  as  a first  true  molar : — 

Length  of  3rd  premolar 1'96 

Width  „ „ 2-08 

Length  4th  „ . 1'6 

Width  „ ........  2-2 

Length  1st  true  molar  . 2‘04 — 2'2 

Width  „ . 2-1  —2-2 

Mandible. — The  mandible,  of  which  a left  ramus  is  figured  in  plate  XXI, 
figure  1,  of  the  first  volume  of  the  “ Palseontological  Memoirs,”  has  been  already 
noticed,  and  its  measurements  given  in  describing  the  lower  jaw  of  Bydaspitkerium 
megacepkalum . The  characteristic  points  of  this  jaw  are  its  great  size,  its  great 
depth,  and  the  well-marked  ‘ costse  ’ on  the  inner  surfaces  of  the  molars.  In  treating 
of  the  last  lower  true  molar  of  this  jaw,  Professor  Owen  observes1  that  the  third  lobe 
“ presents  in  the  Megaceros  and  Sivatherium  a deeper  central  enamel  island  or 
fold,  which  also  characterises  the  smaller  third  lobe  in  the  Giraffe.” 


“ Odontography,”  p.  335,  and  note. 
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Milk- molars.— There  is  a specimen  of  a maxilla  with  the  upper  milk-molars  of 
Sivatherium  in  the  British  Museum,  of  which  the  Indian  Museum  has  a cast ; these 
teeth  are  so  like  the  upper  molars  in  structure  that  they  have  not  been  figured. 

A specimen  of  the  left  lower  milk-molar  dentition  is  represented  in  figure 

3 of  plate  XXI  of  this  memoir.  These  teeth  are  implanted  in  a portion  of  the 
mandible,  which  also  shows  the  anterior  half  of  the  first  true  molar.  The  milk- 
1 eeth  exhibited  are  the  third  and  fourth  molars.  The  specimen  was  obtained 
by  the  Indian  Museum  through  an  exchange  with  the  Rurki  Museum,  and  was 
obtained  from  the  Siwaliks  in  the  neighbourhood  of  the  Ganges  Valley.  The 
penultimate  milk-molar  is  remarkable  for  its  exceptionally  complete  development, 
its  hinder  half  consisting  of  a distinct  ‘ crescent  ’ and  ‘ lobe,’  and  the  fore  half  of  a 

4 crescent  ’ with  highly  developed  angles.  The  third  milk-molar  is  divided  into  three 
complete  sections,  each  containing  a ‘ crescent  ’ and  a * lobe/  and  with  a well-marked 
tubercle  in  each  of  the  c valleys  ’ on  the  outer  side.  It  closely  resembles,  on  a larger 
scale,  the  corresponding  milk-molars  of  the  Siwalik  giraffe  (pi.  XYI,  fig.  8)  and  of 
the  hydaspithere  (pi.  xxi,  fig.  4).  It  is  indeed  probable,  if  not  certain,  that  if 
these  three  teeth  had  been  found  apart  from  any  other  remains,  they  would  be 
referred  to  three  species  of  the  same  genus.  The  dimensions  of  the  young  jaw  and 
milk-teeth  of  Sivatherium  are  as  follows : — 


Depth  of  jaw  at  last  milk-molar 27 

Length  of  penultimate  milk-molar  17 

„ last  milk- molar 272 


Cervical  vertebra.' — The  specimen  of  the  sixth  cervical  vertebra  represented  in 
plate  XXII,  was  obtained  by  the  Indian  Museum  through  an  exchange  with  the 
Museum  at  Rurki,  near  which  place  it  was  obtained.  It  is  figured  as  being  the 
most  perfect  specimen  that  I have  seen ; it  is  of  enormous  size,  and  exhibits  the 
characteristic  shortness  of  the  ‘centrum/  and  of  the  vertebrarterial  canal.  Its 
dimensions  are  as  follows : — 


Length  of  centrum  superiorly  .........  4'3 

Vertical  diameter  of  condyle  3-3 

Length  of  bar  of  transverse  process , ...  27 


This  vertebra  indicates  an  animal  with  a length  of  neck  about  proportional  to 
that  of  the  oxen. 

Metacarpus. — In  figure  1 of  plate  XVII  of  this  memoir  is  figured  a complete 
metacarpal  of  Sivatherium  giganteum,  from  a specimen  in  the  British  Museum 
from  the  Siwaliks,  the  dimensions  of  which  are  as  follows  : — 


Extreme  length  137 

Breadth  of  proximal  extremity  47 

„ distal  „ 47 

„ a single  condyle  2‘2 


The  bone  is  of  great  stoutness,  and  much  expanded  laterally,  in  which  respects 
it  differs  from  the  ‘ cannon-bones  ’ of  the  other  sivatheroids  figured  in  the  same  plate. 
Its  proportions  are  much  the  same  as  the  metacarpals  of  the  larger  kinds  of  cattle. 
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but  the  bone  is  somewhat  shorter  and  thicker.  Another  specimen  described  by 
Dr.  Falconer  1 has  the  following  dimensions  : — 

Extreme  length  .........  13‘0 

Breadth  of  proximal  extremity 4 3 

„ distal  4'3 


A third  imperfect  specimen2  has  the  breadth  of  the  head  measuring  4' 8 inches. 
These  three  specimens  show  that  there  is  but  little  variation  in  the  size  of  this 
bone. 

Metatarsus.— In  figure  2 of  plate  XVII  of  this  memoir  there  is  represented, 
on  a small  scale,  the  metatarsal  of  a large  ruminant,  copied  from  plate  F.,  figure  12 
of  the  “Fauna  Antiqua  Sivalensis,”  where  it  is  assigned  to  Sivatherium  giganteum. 
It  has  the  following  dimensions,  viz. : — 


Extreme  length  16'4 

Breadth  of  proximal  extremity  3’8 

„ distal  „ . 40 


These  dimensions  show  that  this  metatarsus  is  nearly  three  inches  longer  than 
the  metacarpus,  which  is  a vastly  greater  difference  than  occurs  between  the  length 
of  the  fore  and  hind  c cannon-bones  ’ of  allied  ruminants  (see  these  bones  of  Kellado- 
therium  in  figures  4 and  5 of  same  plate),  and  it  therefore  appears  to  me  very  doubt, 
ful  whether  this  bone  really  belongs  to  Sivatherium , and  whether  it  may  not 
rather*  have  belonged  to  one  of  the  species  of  Hydaspitherium.  I do  not,  there- 
fore, take  this  specimen  as  a standard  of  comparison  for  the  length  of  the  hind 
limb  of  this  genus. 

Calcaneum. — An  imperfect  specimen  of  the  calcaneum  is  represented  in 
figure  12  of  plate  D.  of  the  “ Fauna  Antiqua  Sivalensis.”  This  bone  is  mentioned 
here  because  the  sharply  produced  ridge  on  the  superior  surface  of  the  fore  part 
of  the  projecting  portion,  indicates  affinity  with  the  deer  and  osen  instead  of  with 
the  giraffe,  and  Hydaspitherium. 

Proximal  phalangeal. —A  very  fine  specimen  of  one  of  the  proximal  phalan- 
geals  of  the  (probably)  hind  foot  is  represented,  of  half  the  natural  size,  in  plate 
XVII,  figure  9 of  this  volume.  The  specimen  is  figured  in  order  to  illustrate 
the  extreme  strength  and  stoutness  of  the  limbs  of  the  sivathere  ; it  was  obtained 
by  Mr.  Theobald  in  the  Siwaliks  of  the  Kangra  district.  Its  great  difference  from 
the  corresponding  bones  of  the  allied  genera  is  sufficiently  indicated  by  the  illustrations. 

Nature  of  the  horns. — The  sivathere,  as  already  said,  was  provided  with  two 
pairs  of  horns,  the  anterior  of  which  are  simple  comes,  while  the  posterior  are  broad 
and  palmate,  much  like  the  antlers  of  the  elk,  for  which  they  were  taken  by  their 
original  describer.  The  four-horned  antelope  of  India,  Tetraceros,  shows  that  the 
branched  horns  correspond  to  the  horns  and  antlers  of  the  oxen  and  deer,  but  with 
regard  to  the  nature  of  these  horns,  and  especially  of  the  hinder  pair,  there  has 
been  considerable  discussion.  The  anterior  horns  were  considered  by  Dr.  Falconer 
to  have  been  coated  with  a horny  sheath  like  those  of  the  antelopes,  and  it  appears 


“ Pal.  Mem.,”  Vol.  I,  p.  277,  No.  346. 


2 Ibid.,  No.  345. 
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to  me  that  such  was  very  possibly  the  case,  unless  they  were  covered  merely  by 
skin,  as  in  the  giraffe. 

With  regard  to  the  posterior  horns,  Dr.  Ealconer1  remarked  that  they  are 
branched  and  palmated  as  in  the  deer,  but  that  they  have  no  4 burr,’  and  that  they 
are  hollow  at  the  base,  a combination  of  characters  not  found  in  any  cervine  antlers. 
He  concludes  that  they  “ were  at  least  three-branched  and  at  the  same  time 
ca^comed.” 

Dr.  Murie  comes  to  the  conclusion  that  the  hinder  horns  most  nearly  resembled 
those  of  the  American  prong-buck  (. Antilocapra ),  being  probably  provided  with 
separate  horny  sheaths  on  the  points,  connected  by  a common  hairy  covering.  He 
concludes  that  this  horn  was  endued  “with  certain  external  aspects  peculiar  to 
those  of  deer ; a horn  likewise  possessing  attributes  belonging  to  antelopes  and  the 
Bovidce  ; a horn  differing  in  every  respect  from  that  of  the  cameleopards  ” (sic.) 

Now,  without  committing  myself  to  Dr.  Murie ’s  views  as  to  the  presence  or 
absence  of  a distinct  horny  covering,  it  appears  to  me,  as  admitted  by  Dr.  Murie, 
that  there  is  a very  considerable  affinity  to  the  structure  of  the  cervine  antler  in  the 
horns  of  the  Sivatherium.  This  is  especially  manifest  in  the  specimen  figured  by 
Sir  W.  E.  Baker,  which  in  the  form  of  the  large  grooves  for  blood-vessels  most 
strikingly  resembles  the  antler  of  the  so-called  Irish  elk  (. Megaceros ).  It  appears 
to  me  probable  that  the  horns  of  the  sivathere  were  of  a kind  of  generalised,  type 
between  an  antler  and  a sheathed  horn. 

Position  of  the  genus  and  its  allies. — In  concluding  his  memoir,  Dr.  Murie 
came  to  the  conclusion  that  the  sivathere  must  be  placed  in  a distinct  family,  and 
that  it  showed  affinities  with  several  distinct  groups  of  ruminants,  but  that  it 
was  on  the  whole  most  nearly  allied  to  Antilocapra.  He  admits  that  it  presents 
some  affinity  to  the  deer;  but  says  that  its  only  affinity  with  the  giraffe  (which  is 
rightly  termed  a “ modified  deer  ”)  is  in  the  structure  of  its  molar  teeth.  By  a 
most  unaccountable  oversight  Dr.  Murie  entirely  omits  all  mention  of  the  genus 
Helladotherium  which  had  been  long  previously  described  by  M.  Gaudry  as  a genus 
connecting  the  giraffe  with  the  sivathere. 

I shall  now  proceed  to  show  how  my  views  on  this  subject  differ  from  those 
of  Dr.  Murie.  In  the  first  place  it  may,  I think,  be  taken  for  granted  that  no 
one  would  question  the  very  intimate  relationship  existing  between  Sivatherium, 
Bramatlierium,  and  Bydaspitherium,  and  we  have  already  seen  that  the  teeth  of  the 
two  last-named  genera  cannot  be  distinguished  from  those  of  Helladotherium, 
which  were  originally  described  as  belonging  to  Camelopardalis,  while  the  skull 
was  described  as  the  female  Sivatherium.  Eurther,  in  no  ruminants,  except  those 
of  the  group  under  consideration,  the  giraffe,  the  Irish  elk,  the  true  elk,  and  some  of 
the  other  deer,  are  the  ‘ lobes  ’ of  the  molars  placed  obliquely  to  the  long  axis  of  the 
teeth  so  as  to  overlap  one  another,  while  their  enamel  has  a peculiar  rugose  struc- 
ture, most  marked  in  the  sivathere,  and  least  so  in  the  round-antlered  deer.  In 


"PaL  Mem.,”  Vol.  I,  p.  268. 


SIWALXK  CAMELOPARDALIS. 


39—137 


Antilocapra  and  all  cavicorn  ruminants  on  the  other  hand,  the  enamel  of  the  molars 
is  nearly  smooth,  and  their  c lobes  ’ are  always  set  in  the  same  antero-posterior  line 
so  as  never  to  overlap. 

The  above  points  appear  to  me  to  indicate  a very  intimate  connection  between 
the  sivatheroids  and  the  giraffe,  and  thus  with  the  deer.  Dr.  Murie’s  main  objec- 
tion against  the  connection  of  the  sivathere  with  the  giraffe  appears  to  be  the  length 
of  limb  of  the  former,  but  this  we  have  shown  to  be  bridged  over  by  intermediate 
forms. 

In  regard  to  the  deer  Dr.  Murie  remarks  : “ The  Sivatherium,  again,  is  no  deer, 
inasmuch  as  the  fossil  skull  shows  no  supra  or  ant-orbital  [lachrymal]  fissures.” 
Now,  in  Hy daspi t fieri um  (as  is  well  shown  in  the  figure  of  the  skull  in  the  first 
volume)  there  is  a very  large  lachrymal  fissure,  as  in  the  deer  and  the  giraffe.  One 
of  the  allies  of  Sivatherium  is,  therefore,  in  this  respect,  very  closely  related  to  the 
latter  animals , and  distinguished  from  all  other  ruminants.  Dr.  Murie  then  remarks 
that  the  back  and  base  of  the  skull  and  the  form  of  the  lower  jaw  do  show  certain 
cervine  affinities.  The  horns  appear  to  me  to  be  as  near  to  the  antlers  of  the  deer 
as  to  the  horns  of  the  antelopes. 

Einally,  with  the  evidence  at  present  before  us,  it  appears  to  me,  as  stated  in 
the  early  part  of  this  memoir,  to  be  necessary  to  group  the  sivathere  and  its  allies 
in  the  same  family  as  the  giraffe,  and  that  this  family  should  occupy  the  next  place 
to  that  of  the  Cervidse,  the  elk  and  the  vishnuthere  being  probably  the  two  genera 
which  most  closely  allied  the  members  of  the  two  families. 

Distribution. — Remains  of  the  Sivatherium  have  hitherto  been  only  obtained 
from  the  Siwaliks  of  the  Sub-Himalayan  ranges,  being  extremely  common  in  the 
neighbourhood  of  the  Jamna  valley,  and  becoming  gradually  rarer  as  we  advance 
to  the  north-west,  and  being  unknown  beyond  the  Jlielum  river. 


Undetermined  Teeth. 

On  pages  88  and  89  of  my  oft-quoted  notice  in  the  eleventh  volume  of  the 
e‘  Records  ” a fragment  of  a lower  jaw  was  described  containing  two  teeth,  which 
were  classed  as  the  second  and  third  (penultimate)  premolars.  The  larger  of  these 
teeth  is  almost  precisely  similar  in  form  to  the  third  lower  milk-molar  provisionally 
assigned  to  Hydaspitherium  megacephalum , but  is  of  considerably  larger  size.  Erom 
this  similarity  in  form  it  would  at  first  appear  that  these  teeth  must  be  milk-molars, 
but  the  anterior  lower  milk-molars  of  the  giraffe  so  much  resemble  the  milk-molars 
that  even  this  identification  would  be  rash. 

If  these  teeth  be  milk-molars,  it  would  seem  that  they  do  not  belong  either  to 
Sivatherium  or  to  Hydaspitherium , since  we  have  referred  other  milk-molars  to  those 
forms.  They  are  certainly  not  the  premolars  of  either  of  those  genera,  which  are 
known.  They  are  too  large  to  belong  to  Camelopardalis.  If  they  be  premolars, 
they  might  possibly  belong  to  Vislmutherium  or  Bramatherium , though  they  would 
seem  to  be  too  large  to  be  the  milk-molars  of  those  forms.  The  length  of  the 
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penultimate  tootli  (milk-molar  or  premolar)  is  1*4  inches;  that  of  the  smaller,  0*96 
inch. 

In  figure  4 of  plate  XVI  of  this  memoir  is  figured  a lower  tooth  which  is  the 
second  (anti-penultimate)  of  either  the  milk-molar  or  premolar  series.  It  was 
obtained  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab,  and  is  noticed  on  pages  89 
and  90  of  the  notice  in  the  eleventh  volume  of  the  “ Records.”  It  cannot  be  gene- 
rically  determined,  but  belongs  to  some  member  of  the  present  family.  The  tooth 
posteriorly  has  a simple  oval  pit  on  its  summit,  extending  about  one-third  of  its 
length ; anteriorly  it  has  a simple  trenchant  edge. 


SIWALIK  CAMEL0PARDALID2E. 


41—139 


List  of  the  more  important  recent  memoirs  and  notices  hearing  on  the  Osteology  and 
Paleontology  of  the  Camelopardalidse,  consulted  in  the  writing  of  the  foregoing 

memoir. 

Baker,  W.  E. 

“ On  the  Fossil  Elk  of  the  Himalaya.”  “ J.  A.  S.  B.,”  Volume  IV,  p.  506.  (Horn 
and  cervical  vertebra  of  Sivatherium  described  and  figured  under  above  name.) 

Bettington,  A. 

“ Memorandum  on  certain  Fossils,  more  particularly  a new  Ruminant,  found  at  the 
Island  of  Perim,  in  the  Gulf  of  Cambay.”  “ Jour.  Royal  Asiatic  Society,” 
1845,  page  340.  Note  on  same  by  Professor  Owen,  page  417,  (Skull  of  Bra - 
matherium  perimense  described  and  figured.) 

Cactley,  P.  T. 

Letter  from,  regarding  Sewalik  Fossils.  “ J.  A.  S.  B.,”  Volume  IV,  page  585  et  seq. 
(First  mention  of  Sivatherium.) 

“ Note  on  a Fossil  Ruminant  Genus  allied  to  Giraffidse,  in  the  Sewalik  hills.”  “ J.  A. 
S.  B.  ,”  Volume  VII,  p.  658. 

Colvie,  E. 

“ Additional  Fragments  of  the  Sivatherium.”  “ J.  A.  S.  B.,”  Volume  VI,  page  152, 
Plates  VIII  and  IX.  (Occiput  and  mandible  figured.) 

Duvernoy,  E. 

“ Sur  une  machoire  de  girafe  fossile  decouverte  a Issondun.”  “ Notes  communiquees 
a FAcad.  des  Sciences.”  May  15th  and  November  27th,  1843.  (Camelopardalis 
iiturigum.) 

Falconer,  H. 

“ Description  of  some  Fossil  Remains  of  Dinotherium,  Giraffe,  and  other  Mammalia 
from  Perim  Island,  Gulf  of  Cambay,  Western  Coast  of  India.”  “ Q.  J.  G.  S.,” 
Volume  I,  page  356.  “ Pal.  Mem.,”  Volume  I,  page  391.  ( Bramatherium .) 

Falconer,  H.,  and  Cautley,  P.  T. 

“ Fauna  Antiqua  Sivalensis.”  London,  1846-9. 

Falconer,  H.,  and  Catjtley,  P.  T. 

“ On  some  Fossil  Remains  of  Anoplotherium  and  Giraffe,  from  the  Sewalik  Hills.” 
«P.  G.  S. No.  98.  “ Pal.  Mem.”  Vol.  I,  p.  190. 

“ Sivatherium  Giganteum,  a new  Fossil  Ruminant  Genus,  from  the  valley  of  the 
Markanda,  in  the  Sewalik  branch  of  the  Sub-Himalayan  mountains.”  “Asiatic 
Researches,”  Vol.  XIX, p.  1.  « J.  A,  S.  B.”  Vol.  V,  p. 38.  “ Pal.  Mem.,”  Vol. 
I,  p.  247. 

Falconer,  H.,  and  Walker,  H. 

“ Catalogue  of  Fossil  Remains  of  Vertebrata  in  Museum  of  A.  S.  B.”  Calcutta,  1859. 

Gaudry,  A. 

“ Animaux  Fossiles  et  Geologie  de  FAttique.”  Paris,  1862.  (Camelopardalis  attica 
and  Eelladotherium  duvernoy i.) 
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Leidy,  J. 

Notice  of  Mesacerops  color adensis.  “Pro.  Acad.  Sci.  Phil  ad./”  January  4th,  1870. 

Lydekker,  It. 

“ Fossil  Mammalian  Faunae  of  India  and  Burma.”  “ R.  G.  S.  I.,”  Vol.  IX  [Camelo- 
pardalis sivalensis)  (p.  104);  Vishnutherium  iravadicum,  [ p.  103);  Hydaspitherium 
megacepJialum  (p.  154). 

“ Notices  of  Siwalik  Mammalia.”  [Camelopardalis  and  Hydaspitherium.)  “ R.  G.  S.  I.,” 
Yol.  XI,  p.  83. 

“ Palseontologia  Indica.,”  Ser.  X,  Vol.  I.  [Camelopardalis  sivalensis ; Vishnutherium 
iravadicum  ; Bramatherium  perimense  ; and  Hydaspitherium  megacephalum.) 

Meyer,  H. — 

“ fiber  die  fossilen  Reste  von  Wirbelthieren  welche  die  Herren  von  Schlagintweit  von 
ihren  Reisen  in  Indien  und  Hoch-Asien  mitgebracht  haten,”  “ Palaontographica,” 
Vol.  XV,  p.  29.  (Teeth  of  giraffe  (?)  from  Nurpur  figured.) 

Murchison,  C. — 

“The  Palaeontological  Memoirs  and  Notes  of  the  late  Hugh  Falconer.”  London, 
1868. 

Murie,  J. — 

“ On  the  Systematic  Position  of  the  Sivatherium  Giganteum  of  Falconer  and  Cautley.” 
“ Geol.  Mag.,”  Vol.  VIII,  p.  438. 

Owen,  R. — 

“ Odontography .”  London,  1840-45. 

“ On  the  Anatomy  of  Vertebrates.”  London,  1866,  Vols.  II  and  III. 

Royle,  J.  F. — 

“Illustrations  of  the  Botany  and  other  Branches  of  the  Natural  History  of  the 
Himalayan  Mountains.”  London,  1839.  (Occiput  and  mandible  of  Sivatherium 
figured.) 

Wagner,  A. — 

“Nachtrage  zur  Kenntniss  der  fossilen  Huft-thier  Uebereste  von  Pikermi.”  “ Sitz. 
d.  kon.  baer.  Akad.  d.  Wissens.”  1861, 13th  July,  p.  78  and  plate.  [Orasius  eximi- 
mius  and  Camelopardalis  vetusta.) 


POSTSCRIPT. 

Position  of  sivathcre. — Since  the  above  was  in  the  press  a memoir  by  Profes- 
sor Eutimeyer 1 on  the  cervine  family  has  reached  me,  having  a considerable  bearing 
on  the  matters  discussed  above  regarding  the  classification  of  the  giraffe  and  its 
allies.  In  that  memoir  the  giraffe  is  classed  among  the  group  Cervina,  and  placed 
next  the  elk,  through  which  it  is  connected  with  the  reindeer,  and  thus  with  the  true 
stags.  The  molar  dentition  is  shown  to  be  nearer  that  of  the  elk  than  of  any  other 

1 “ Beitrage  zu  einer  naturtichen  Geschicte  der  Hischfamilie.”  “ Abhand  d.  Schweiz,  pal.  Gesell.,”  Vols.  VII,  VIII,, 
1880-81. 
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living  mammal,  while  the  elongated  parietals,  large  lachrymal  vacuities,  and  the 
air-cavities  in  the  cranium  are  shown  to  he  true  cervine  characters.  Its  so-called 
horns  are  distinguished  from  the  antlers  of  the  deer  by  their  development  during 
faetal  life,  and  by  their  non-deciduous  character,  and  are  thus  shown  to  form  an  in- 
termediate grade  between  true  antlers  and  true  horns  ; their  presence  in  both  sexes 
is  a character  they  possess  in  common  with  the  antlers  of  the  reindeer.  Hellado- 
therium  is  considered  to  be  closely  allied  to  the  giraffe,  and  it  is  suggested  that  the 
male  may  have  had  horns  or  antlers,  the  specimens  with  which  we  are  acquainted 
being  all  females. 

So  far  the  views  propounded  by  Professor  Rutimeyer  are  in  perfect  accord  with 
those  expressed  above ; but  in  regard  to  the  systematic  position  of  the  other  mam- 
mals treated  of  here,  his  views  differ  very  widely  from  them.  Sivatherium  and 
Hydaspitherium  (and  hence  Bramatherium 1 and  presumably  V ishnutherium)  are 
entirely  separated  from  Helladotherium  and  the  giraffe,,  and  are  classed  with  the 
antelopes,  the  JDamalis  group  of  South  Africa  being  considered  their  nearest 
allies.  The  main  grounds  of  this  association  appears  to  be  the  shortening  of  the 
parietal  zone  of  Sivatherium  and  Hydaspitherium , which  is  a character  not  found 
in  the  deer  family,  but  one  common  to  the  oxen  and  certain  antelopes  ( e , g.,  the 
gnu).  The  close  similarity  of  the  molars  of  all  the  animals  classed  above  as  the 
Camelopardalidce — a similarity  not  only  of  external  form,  but  also  of  minute  struc- 
ture— is  disregarded.  This  similarity,  as  is  clearly  pointed  out  above,  is  so  close 
that  the  teeth  of  Helladotherium  cannot  possibly  be  distinguished  from  those 
of  Hydaspitherium  and  Bramatherium , while  a skull  now  referred  to  the 
first  of  these  three  genera  was  referred  both  by  Ealconer  and  Murie  to  a female  Siva- 
therium. Eurther,  the  transition  in  the  bones  of  the  limbs  and  neck  from  Sivathe- 
rium to  the  giraffe,  the  presence  of  lachrymal  vacuities  in  the  giraffe  and  Hydas- 
pitherium as  well  as  other  characters,  appears  to  afford  conclusive  argument  as  to  the 
intimate  relationship  of  all  these  animals.  It  should  not  be  considered  a matter  of 
wonder  if  the  diverging  extremes  of  this  group  are  found  to  present  certain  cha- 
racters which  are  essentially  those  of  the  families  with  which  they  respectively 
nosculate.  On  the  contrary,  the  presence  of  such  characters  are  in  perfect  accord 
with  what  we  should  a priori  expect  to  meet  with  in  a family  which  is  confessedly 
a connecting  link  between  two  families  now  widely  separated. 

Last  lower  molar  of  Bramatherium. — Among  some  Siwalik  specimens  in  the 
Museum  of  Trinity  College,  Dublin,  which  Professor  V.  Ball  has  kindly  given  me  an 
opportunity  of  examining,  is  the  hinder  portion  of  the  right  ramus  of  the  mandible 
of  a large  ruminant  from  Perim  Island,  containing  the  last  true  molar.  The  speci- 
men was  presented  by  Colonel  Montgomery.  The  form  of  the  tooth  shows  that  it 
belonged  to  a sivatheroid,  and  its  size,  and  the  locality  whence  it  was  obtained,  lead 
to  the  inference  that  it  should  probably  be  referred  to  Bramatherium  perimense , of 
which  the  last  lower  molar  was  previously  unknown.  The  tooth  is  in  an  interme- 

1 Professor  Rutimeyer  ( loc.  cit. ) errs  in  stating  that  the  skull  of  Bramatherium  is  unknown. 
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diate  stage  of  wear,  and  is  somewhat  damaged  ; as  far  as  can  he  judged,  it  appears  to 
have  had  the  ‘ costoe 5 hut  slightly  developed,  as  in  Ey d aspitheriym ; its  crown  seems, 
however,  lower ; and  the  tooth  is  marked  hy  the  great  development  of  the  ‘ lobe  * 
of  the  e accessory  column.’  In  the  following  table  the  dimensions  of  this  specimen 
are  compared  with  the  corresponding  dimensions  of  those  of  four  other  members  of 
the  family,  taken  from  the  foregoing  memoir : — 


Camelopardalis. 

Bramatherium. 

Hydasp.  megaceph. 

Hydasp.  grande. 

SiYatherium. 

Length  of  last  molar  ..... 

1*75 

2-15 

2-64 

2.5 

2-95 

Depth  of  jaw  at 

175 

2-8 

33 

37 

4'7 

These  dimensions  show  that  the  hinder  part  of  the  lower  jaw  of  Bramatherium 
was  more  slender  than  that  of  Eydaspitherium,  and  thereby  approached  the  giraffe 
and  the  visnuthere.  The  middle  part  of  the  jaw  of  Bramatherium,  of  which  the 
dimensions  are  given  on  page  61  of  the  first  volume  of  this  work,  shows  a smaller 
depth  than  the  jaw  of  E.  megacephalum,  and  we  may  therefore  conclude  that  the 
lower  jaw  of  Bramatherium  was  slighter  than  that  of  the  narrow-jawed  hydaspi- 
there,  to  which,  however,  the  teeth  most  nearly  approximate.  There  is  no  ‘ cin- 
gulum 5 in  the  lower  molar  of  Bramatherium , nor  any  tubercles  in  any  of  the  val- 
leys on  the  outer  side. 
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SIWALIK  SELENODONT  SUINA,  ETC. 

By  R.  LYDEKKER,  B.A.,  F.Z.S., 

GEOLOGICAL  SURVEY  OF  INDIA. 

(WITH  PLATES  XXIII.  to  XXV.) 


Order:  UNGULATA;  Division:  ARTIODACTYLA ; 

Section:  SUINA  SELENODONTIA. 

Introductory. — The  extensive  and  important  group  of  pig-like  Artiodactyle 
Ungulata,  commonly  classed  together  under  the  head  of  Suina,  may  conveniently 
be  divided  into  two  subordinate  groups,  distinguished  from  each  other  by  the 
structure  of  their  molar  teeth.  The  first  of  these  groups  may  be  termed  the 
Bunodontia,1  and  is  characterised  by  having  the  cusps,  or  columns,  on  the  grinding 
surfaces  of  the  upper  molar  teeth  arranged  either  in  an  irregular  manner,  as  in 
the  common  pig,  or  with  a more  or  less  distinct  tendency  to  the  production  of 
larger  columns  at  the  four  angles  of  the  crown  as  in  Tetraconodon2 : this  group 
comprehends  the  hippopotamus,  and  all  living  pig-like  animals,  as  well  as  the 
extinct  Hyotherium,  Entelodon  ( Elotlierium ),  and  their  allies.  The  second  group, 
forming  the  main  subject  of  the  present  memoir,  may  be  termed  the  Suina 
Selenodontia,3  and  is  characterised  by  the  upper  molars  having  their  inner  pair 
of  cusps,  or  columns,  of  a more  or  less,  distinctly  crescent  shape.  This  second 
group  is  now  totally  extinct,  and  is  represented  by  Ghoeropotamus , Eyopotamus, 
Or  cod  on,  and  a host  of  kindred  forms.  As  is  nearly  always  the  case  in  a 
large  group  of  animals,  there  is  always  a difficulty  in  referring  all . the  forms 
to  their  respective  sub-division,  and  this  is  exemplified  in  genera  like 
Chceropotamus,  and  some  species  of  Anthracotherium , which,  though  belonging 
to  the  selenodont  group,  yet  afford  an  easy  transition  from  its  most  typical 
members,  like  Oreodon,  to  some  of  the  more  specialized  of  the  bunodont  group, 
like  Tetraconodon. 


1 From  bounos,  a hillock,  and  odous,  a tooth. 


2 Vid.  sup.,  Vol.  I.,  pi.  X. 


3 From  seleite,  the  moon, 
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In  the  present  memoir  numerous  remains  belonging  to  various  hitherto 
undescribed  forms  of  the  selenodont  group,  are  figured  and  described,  while, 
in  addition  brief  notices  are  given  of  such  members  of  the  group  as  have 
been  previously  described  from  the  tertiaries  of  India.  It  will  be  found  that 
by  far  the  greater  number  of  these  specimens  have  been  obtained,  by  the 
exertions  of  Messrs.  W.  T.  Blanford  and  F.  Fedden,  of  the  Geological  Survey 
of  India,  from  the  lower  Manchhar  (Siwalik)  rocks  of  Sind  and  the  districts  to  the 
northward. 

It  will  further  be  observed  that  the  genera  are  identical  with,  or  closely  allied  to 
those  of  the  European  oligocene  and  miocene  ; the  later  genera  characteristic  of  the 
sub-Himalayan  deposits  being  in  the  main  absent.  These  differences  indicate  that 
the  mammalian  fauna  of  the  lower  Manchhars  of  Sind  belongs  to  a lower  horizon 
than  that  of  the  sub-Himalayan  Siwaliks.  According  to  the  latest  researches  1 it 
seems  probable  that  the  fauna  of  the  lower  Manchhars  should  be  relegated  ‘ to  the 
early  pliocene  time,’  while  that  of  the  sub-PIimalyan  Siwaliks,  which  are  on  the 
same  horizon  as  the  upper  Manchhars  of  Sind,  belongs  to  a later  period  of  the  same 
epoch ; there  being  a probability  of  the  higher  beds  of  the  former  reaching 
up  into  the  pleistocene.  In  the  present  and  succeeding  memoirs  the  age  of  the 
lower  Manchhars  will  be  alluded  to  as  £ earlier  pliocene,’  and  the  sub-Himalayan 
Siwaliks  as  • higher  pliocene.’2  It  may  be  added  that  such  of  the  older  Sind 
mammalian  genera  as  are  found  in  the  sub-Himalayan  strata  (and  only  one  of  those 
described  here  is  so  found)  may  either  be  later  survivals,  or  may  have  come  from  a 
lower  horizon  (Nahan)  than  the  majority  of  the  fossils. 

The  majority  of  the  remains  described  in  this  memoir  consist  only  of  detached 
molar  teeth,  which  are  often  the  sole  evidence  on  which  a genus  or  species  is  founded. 
The  publication  of  the  present  memoir  has  purposely  been  delayed  for  a considerable 
period  in  the  hope  that  additional  remains  of  the  more  obscure  forms  might  be 
obtained,  but  as  the  geological  exploration  of  Sind  is  unlikely  to  be  continued  for  the 
present,  the  time  has  come  when  such  remains  as  are  sufficiently  identifiable  should 
be  laid  before  the  scientific  world. 

Reverting  to  the  selenodont  Suina  as  a whole,  it  would  seem  probable  that  this 
group  should  again  be  divided  into  three  minor  sub-divisions.  The  first  of  these 
is  distinguished  by  the  crowns  of  the  upper  molars  being  furnished  with  five 
columns,  or  cusps,  and  may  accordingly  be  termed  the  pentecusjndate  division 
(Pentecuspidati).  It  probably  comprehends  at  least  two  families ; to  the  best 
known  of  which  belongs  the  well-known  genus  Hyopotamus.  For  this  family  Dr.  W. 
Kowalevsky,  in  his  classical  memoirs  on  its  osteology,3  has  adopted  the  name 

1 See  Duncan,  ‘ Quar,  Jour.  Geol.  Soc.,’  Vol.  XXXVII.,  p.  207,  et  seq. 

2 These  usymmetrical  terms  are  used  in  preference  to  ‘ upper  and  lower  ’ or  * earlier  and  later  pliocene,’  as  both  the  latter 
have  acquired  a fixed  signification  as  indicating  definite  stages  of  the  pliocene  epoch,  whereas  the  idea  to  be  conveyed  here  is 
merely  that  the  sub-Himalayan  Siwaliks  are  higher  up  in  the  pliocene  than  the  Lower  Manchhars. 

3 ‘ Phil.  Trans.,’  1873,  p.  19,  et.  seq.  ‘ Palaontographica,’  Vol.  XXII.,  parts  3-5. 
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1 Jyopotamidce,  in  place  of  tlie  older  name  Anthracotheridce : as,  however,  it  will  be 
shown  in  the  sequel  that  there  is  a strong  probability  that  the  genus  Hyopotamus  will 
eventually  have  to  be  united  with  Anthracotherium,  the  older  name  Anthracotheridce 
will  be  employed  here.  There  is  a further  advantage  in  using  the  term 
Anthracotheridce  for  the  family  name,  because  Dr.  Kowalevsky  seems  to  include 
under  his  family  such  widely-divergent  forms  as  Anthracotherium  and  Anoplotherium , 
an  extension  of  the  family  which,  as  Dr.  H.  Filhol,  in  his  exhaustive  memoir  on  the 
hyopotamids  of  Ronzon,1  has  shown  is  not  advisable  for  general  adoption.  The 
Indian  representatives  of  the  family  include  the  genera  Anthracotherium  and 
Hyopotamus.  The  second  family  is  represented  by  Mixtotherium  of  the  Quercy 
phosphorites,  but  there  may  be  some  doubt  as  to  its  position  here.  The  genus 
'Dipl opus  (included  by  Dr.  Kowalevsky  in  the  Hyopotamidce ),  of  which  the  teeth  and 
skull  are  unknown,  may  form  a third  family  of  this  division.  The  second  division 
of  the  selenodont  Suina  is  characterised  by  the  crowns  of  the  upper  molars  carrying 
only  four  columns  on  their  masticating  surface,  and  may  be  termed  the  tetracuspi- 
date  division  (Tetracuspidati.)  It  comprehends  the  families  Merycopotamidce  and 
Oreodontidce,  both  of  which  have  Indian  rejnesentatives.  The  third  division  of  the 
selenodont  Suina  comprises  the  family  Anoplotheridce,  and  may  be  termed  the 
Anoplotherina  : it 'is,  however,  not  impossible  that  this  division  should  be  merged 
with  the  second. 

As  we  have  already  observed,  the  affinity  of  the  selenodont  Suina  to  the 
bunodont  pigs  is  so  close  that  there  is  sometimes  a difficulty  in  assigning  certain 
forms  to  their  proper  positions.  On  the  other  hand,  the  selenodont  Suina  are  so 
intimately  connected  with  the  true  ruminants,  that  here  also  it  is  frequently  difficult 
to  draw  a satisfactory  line  of  distinction.  Thus  certain  of  the  hyopotamids  pass 
insensibly  into  the  genus  Cain  other  ium,  which  is  undoubtedly  a true  ruminant  genus ; 
the  oreodons  are  closely  allied  to,  if  not  the  direct  progenitors  of,  the  ancestors  of 
the  camel  ( Procamelus , etc.);  and  the  anoplothereres  are  as  intimately  related  to  the 
ruminant  xiphodons.  While,  therefore,  for  the  purposes  of  classification  it  is 
convenient  to  retain  the  groups  Suina  (with  its  three  sub-divisions)  and  Ruminantia,2 
it  is  highly  probable  that  there  is  such  a complete  transition  between  them  that  they 
cannot  logically  be  maintained.  It  is  probable  that  many  of  the  forms  treated  of 
here  are  not  the  true  ancestors  of  the  ruminants,  but  should  rather  be  looked  upon 
in  the  light  of  cousins  descended  from  a common  stock. 

Whether  any  or  all  of  the  animals  classed  here  as  the  Suina  Selenodontia  were 
endowed  with  the  power  of  rumination,  and  their  internal  economy  modified  in 
accordance  with  that  function,  is  a question  which  cannot  ever  be  certainly 
determined.  The  oreodons  have,  however,  been  termed  1 ruminating  hogs,’  and 
from  the  close  similarity  of  the  structure  of  the  molars  of  these  and  allied  forms  to 

1 “Etude  des  Mammiferes  Fossiles  de  Konzon.”  ‘Ann.  d.  Sci.  Nat,’  1881.  Vol.  XII.,  Art.  No.  3,  p.  89  (reprint). 

2 In  former  parts  of  this  work  the  term  Selenodonta  has  keen  applied  to  the  true  ruminants,  hut  it  has  been  thought  best 
for  the  future  to  confine  it  to  the  selenodont  Suina. 
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those  of  the  true  ruminants,  it  is  highly  probable  that  the  more  specialized  forms  of 
the  group  were  endowed  with  the  ruminating  function,  while  in  the  less  specialized 
forms  this  function  was  absent.1  If  this  be  so  it  is  evident  that  the  more  specialized 
forms  must  have  been  at  least  as  closely  related  to  the  true  ruminants  as  to  the 
bunodonts,  although  the  oreodons  are  so  connected  by  M erycopotamus  with  the 
hippopotamus  and  the  pigs  as  to  clearly  form  one  group,  and  it,  therefore,  confirms 
our  conclusion  as  to  the  intimate  relationship  existing  between  the  pigs  and  the  true 
ruminants. 

It  may  be  affirmed  with  more  certainty  that  the  food  of  the  higher  selenodont 
pigs  consisted  in  great  part  of  leaves  and  grass  (which  require  finer  trituration,  and 
consequently  a more  complex  form  of  molar,  as  is  exemplified  in  the  ruminants, 
horses,  and  elephants),  while  their  bunodont  allies  feed,  as  we  know,  more  generally 
on  roots  and  tubers,  and  occasionally  on  animal  matter.  Elence  it  is  probable  that 
the  muzzles  of  most  of  the  selenodonts  were  less  elongated  than  in  the  true  pigs, 
which  require  to  turn  up  the  soil  to  obtain  their  nutriment. 

It  must  further  be  observed  that  certain  peculiar  and  little-known  animals 
(Ceboclioenis ) have  been  described  from  the  Quercy  phosphorites,2  the  molar  teeth  of 
which  closely  resemble  those  of  the  bunodont  pigs,  while  the  skulls  show  certain 
affiinities  to  those  of  the  simiine  Primates,  and  it  is  highly  probable  that  these 
animals  are  related  both  to  the  monkeys  and  the  pigs.  They  have  been  referred  to 
a group  termed  Pachysimia,  but  it  is  doubtful  whether  this  should  be  placed  among 
the  Primates  nr  the  Artiodactyla. 

In  the  following  table  a provisional  scheme  for  the  classification  of  the  best- 
known  families  and  genera  of  the  Suina  is  given,  and  the  relationship  of  the  section 
to  the  Ruminantia  and  Pachysimia  is  also  indicated,  but  the  position  of  the  latter 
section  in  the  Artiodactyla  must  only  be  considered  provisional.  The  genus 
Listriodon  is  purposely  omitted,  and  referred  to  the  perissodactyles ; if,  however,  it 
really  be  an  artiodactyle,  it  should  probably  form  a separate  family  of  - the 
Bunodontia.  Hippokyus  is  only  provisionally  referred  to  the  family  Suidce,  as  its 
molars  exhibit  a more  specialized  structure  than  those  of  the  other  members,  and  it 
should  perhaps  be  raised  to  the  rank  of  a distinct  family.  It  has  not  been  found 
practicable  to  indicate  in  the  table  all  the  relationships  of  the  different  families  to 
one  another ; thus  the  relationship  of  Hippopotamus  to  Merycopotamus  is  not 
apparent ; and  while  the  former  genus  is  placed  nearest  to  the  Pachysimia,  the 
relationship  of  that  group  is  evidently  nearer  to  Byotherium  and  A cotherulum. 
Many  of  the  American,  and  other,  genera  are  omitted,  on  account  of  the  difficulty 
of  assigning  them  to  their  proper  positions. 


1 Professor  Gaudry  (.“  Les  Enchainements  du  Monde  Animal  ”)  classes  the  oreodons  as  true  ruminants,  but  Hyopoiamus  and 
Merycopotamus  as  Suina. 

2 Filhol  “ Ii&cherches  sur  Les  Phosphorites  du  Quercy.”  ‘Ann.  d.  Sci.  Nat.,’  Vol.  VII.  (reprint),  1878,  p.  327. 
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The  arrangement  of  the  families  in  the  foregoing  table  must  be  considered 
merely  as  provisional  and  liable  to  considerable  future  alterations,  and  it  is  probable 
that  many  of  the  genera  included  under  one  family  should  be  referred  to  distinct 
families.  Thus  the  family  Anthracotheridce  is  considered  by  Dr.  Filhol  to  include 
only  the  genera  Anthracotherium  and  Hyopotamus,  and  it  is  suggested  that  even 
these  might  possibly  belong  to  two  families.  On  the  contrary,  Dr.  Kowalevsky 
would  include  many  more  genera  than  those  given  in  the  table,  under  the  same 
heading.  Again  the  genus  Acotherulum,  which  is  here  classed  among  the  bunodonts, 
is  by  many  placed  close  to  Hyopotamus,  and  Entelodon  is  evidently  closely  allied  in 
the  form  of  its  skull  to  Anthracotherium,  though  its  molars  indicate  close  affinity 
to  the  typical  bunodonts. 

Group  A:  PENTECUSPIDATI. 

Upper  molars  with  fire  columns.  . 

Family  1.  —ANTHRACOTHERIBAE. 

General  Characters. — This  family,  as  already  stated,  may  be  defined  as 
selenodont  pig-like  animals,  in  which  the  upper  true  molars  carry  five  cusps,  or 
columns.  These  five  columns  are  well  displayed  in  the  tooth  represented  in  figure  3 of 
plate  XXI Y.  The  upper  molars  are  divided  into  a front  and  hind  portion,  or  ‘barrel,’ 
by  a transverse  cleft  (in  the  figure  the  left  half  of  the  tooth  is  the  front,  and  the 
right , the  hind  barrel)’,  the  fore  ‘barrel’  carries  three,  and  the  hinder,  two  columns; 
of  these,  the  columns  at  the  four  angles  represent  the  two  ‘ lobes,’  and  the  two 
‘ crescents  ’ of  the  ruminant  molar ; 1 while  the  middle  column  on  the  fore  barrel 
represents  the  anterior  wall  of  the  first  ‘ crescent  ’ of  the  ruminant  molar.2  In 
describing  these  teeth  in  this  memoir,  the  antero-external  column  (left  hand  top  corner 
of  pi.  XXIV.  fig.  3)  will  be  termed  the  ‘first  outer  column’;  the  postero-internal 
column  (right  hand  top  corner  of  figure)  the  ‘ second  outer  column  ’;  the  antero-internal 
column  (left  hand  bottom  corner  of  figure)  the  ‘ first  inner  column  ’;  the  postero- 
internal column  (right  hand  bottom  corner  of  figure)  the  ‘ second  inner  column  ’;  while 
the  column  wedged  in  between  the  first  outer  and  inner  columns  (middle  of  left  side 
of  figure)  will  be  termed  the  ‘ accessory,  or  fifth,  column.’  Similar  terms  will  be 
used  in  describing  the  lower  molars. 

As  far  as  is  known,  the  full  typical  complement  of  teeth  was  developed  in  all 
members  of  the  family  ; and  in  many  the  canine  and  premolars  attained  an  excessive 
development,  simulating  to  some  extent  those  teeth  in  the  carnivora.  The  skull  was 
elongated,  and  presented  a considerable  resemblance  to  that  of  the  hogs,  while  the 
hinder  part  of  the  lower  jaw  in  many  forms  has  a resemblance  to  that  of 
Merycopotamus  and  Hippopotamus. 


1 See  preceding  fasciculus  of  this  volume. 

2 See  Gaudry  “ Les  Enchainements  du  Monde  Animal,”  pp.  97—8. 
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In  typical  members  of  the  family  the  feet  were  furnished  with  four  digits,  but 
in  some  of  the  earlier  species  of  Hyopotamus,  like  H.  renevieri  and  H.  gresslyi 
it  seems  probable  that  the  number  of  the  digits  was  reduced  to  two,  in  which  case 
these  forms  ought  to  be  referred  to  a distinct  genus.  Another  well  defined  didactyle 
form,  of  which  the  teeth  are  unknown,  has  been  referred  to  a distinct  genus,  under 
the  name  of  Diplopus  aymardi,  and,  as  already  said,  probably  belongs  to  a distinct 
family. 

Genus  I : ANTHRACOTHERIUM,1  Cuvier. 

Characters. — With  the  addition  of  the  new  species  described  in  this  memoir  it 
is  difficult  to  formulate  dental  characters  which  will  satisfactorily  distinguish  this  from 
the  next  genus.  It  may,  however,  be  noted  that  the  lowness  of  the  columns,  the 
shallowness  of  the  valleys,  the  smallness  of  the  outward  proj  ections  of  the  angles  of 
the  outer  surface,  and  of  the  loop  connecting  the  outer  columns,  are  characteristic 
points  of  the  more  typical  forms.  In  some  forms  the  whole  of  the  upper  premolars 
are  approximated  to  the  true  molars,  while  in  others  the  earlier  premolars  are 
separated  from  the  posterior  teeth. 

Distribution. — As  regards  distribution  in  space,  remains  of  this  genus  have  been 
obtained  from  Europe  and  India.  In  time  the  genus  in  Europe,  took  its  origin, 
according  to  Professor  Albert  Gaudry,2 3  in  the  upper  eocene  (7th  tertiary  stage  of  M. 
Gaudry),  attained  its  maximum  in  the  lower  miocene  (9th  stage),  and  disappeared  in 
the  middle  miocene  (11th  stage).  In  India  its  earliest  known  occurrence  is  in  the 
(probably)  earlier  pliocene,  and  it  may  possibly  have  survived  into  the  higher 
pliocene. 

Number  of  Species. — The  following  list  contains  the  names  of  the  best  known 
species,  but,  as  M.  Filhol  observes,  there  is  a great  variation  in  the  size  of  the  molars 
of  many  of  the  so-called  species,  which  would  lead  to  the  inference  that  many  of 
them  should  rather  be  regarded  as  races. 

1.  Anthracotherium  alsaticum  3 Cuv.  Up.  eocene  and  Low.  miocene  ; Europe. 

A alsatiacum,  Blain. 

2.  Anthracotherium  breviceps,4  (Troschel).  Low.  miocene  ; Europe. 

Sus  breviceps , Troschel. 

3.  Anthracotherium  cuvieri,5  Pomel.  Miocene  ; Europe. 

A onoideum , Gervais. 

4.  Anthracotherium  dalmatinum 6 Myr.  Low.  miocene  ; Europe. 

5.  Anthracotherium  hippoideum7  Rut.  Low.  Miocene  ; Europe. 

6.  Anthracotherium  hyopotamoides  si  Nobis.  Earlier  pliocene  (?) ; India. 

1 From  anthrax,  coal,  and  pterion,  an  animal : so  named  from  the  occurrence  of  its  remains  in  the  hrown  coal  of  the  continent. 

2 “Les  Enchainements  du  Monde  Animal,”  p.  4.  I follow- this  classification,  not  using  the  term  “ oligocene.” 

3 Filhol  “ Phosphorites  du  Quercy,”  pi.  VIII.  —Gervais  “Zoologie  et  Paleoutologie  Generates, ” Vol.  II.,  pl.X.,  fig.  1. 

4 “Palaontographica,”  Vol.  XXIV.,  p.  165. 

5 Blainville  “ Osteographie,”  Anthracotherium,  pi.  III.  (A  magnum  de's  Orleanais). 

6 “ Palaontographica,”  Vol.  IV.,  pi.  XI.  7 ‘ Nov.  Mem.  Soc.  Hel.,’  Vol.  XV.,  pi.  I. 


8 Vide  infra. 
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7.  Anthracotherium  magnum,1  (Cuvier).  Up.  eocene  ; Europe. 

A avernum,  Kefst. 

8.  Anthracotherium  silistrense,2  (Pentlancl).  Earlier  pliocene  (?) ; India. 

The  following  species  must  be  abolished,  viz  : — • 

A.  choe?vides.  Brav. 

A.  lembronicum.  Brav. 

A.  Mininum  C\xviex=Hjyotherium  or  Choeromorus  ( teste  Gervais). 

A.  minutum  Cuvier= Dichodon  or  Amphitragiilus . 

A.  parisiensis  Blain=  Choeropoiamus. 

A.  sandbergi  ? 

A.  velaimum  ~P>\a\xv=Hyopotainus. 

Species  1.  Anthracotherium  silistrense.  Pentland,  in  parte. 

Synonyms.  Anthracotherium  punjabiense , Nobis. 

Ghoeromeryx,  Poniel,  in  parte. 

Bhagatherium  f?J  sindiense,  Nobis. 

History. — In  the  year  1829,  Mr.  Pentland  described  and  figured  in  the 
“ Transactions  of  the  Geological  Society  of  London,”3  certain  mammalian  remains 
obtained  by  Sir  Thomas  Colebrooke,  from  the  Siwaliks  of  Karibari  (Caribaree),  in 
the  Garo  hills  of  north-eastern  Bengal,  in,  or  adjoining,  the  district  of  Sylhet.4 
These  remains  comprehended  a few  specimens  of  upper  molar  teeth  of  small  pig-like 
animals,  which  were  all  referred  by  their  original  describer  to  a single  species,  under 
the  name  of  Anthracotherium  silistrense .5  In  the  year  1848,  M.  Pomel6  referred, 
apparently  all,  these  figured  specimens,  to  a new  genus,  for  which  he  proposed  the 
name  of  Ghoeromeryx .7  In  the  u Records  of  the  Geological  Survey  of  India  ” for 
1877, 8 a five  columned  upper  molar  tooth  from  the  lower  Manchhars  of  Sind  was 
described  by  the  present  writer,  under  the  name  of  Ghoeromeryx  silistrensis,  since  it 
agreed  in  form  with  one  of  the  specimens  described  by  Mr.  Pentland  as 
Anthracotherium  silistrense , and  subsequently  referred  by  M.  Pomel  to  Ghoeromeryx. 
In  the  same  paper  9 a portion  of  the  mandible  of  a small  selenodont  pig-like  animal, 
collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punj  ab ; was  described  under  the 
name  of  Anthracotherium  punjabiense.  At  a later  date10  it  was  shown  that  Mr. 
Pentland’s  original  specimens  in  reality  belonged  to  two  distinct  genera 
of  selenodont  pigs,  one  of  which  belonged  to  the  pentecuspidate,  and  the  other 
to  the  tetracuspidate  group,  and  that  the  name  Ghoeromeryx  should  be  confined  to  the 
latter.  It  was  at  the  same  time  considered  that  the  Sind  tooth  mentioned  above,  and 
Mr.  Pentland’s  pentecuspidate  specimen,  might  belong  to  the  genus  Bhagatherium , 
and  the  specific  name  sindiense  was  proposed  for  them.  In  the  following  year  it  was 
shown 11  that  the  two  latter  teeth  really  belonged  to  Anthracotherium , and 

1 Blainville,  “ Osteographie.”  Anthracotherium.  2 Vide  infra.  3 Ser.  2,  Vol.  II.,  p.  393,- pi.  45. 

4 The  locality  is  given  by  Sir  T.  Colebrooke,  as  the  left  hank  of  the  Bramaputra  above  Mohendroganj  ; hut  it  appears  that 
the  river  has  changed  its  course  since  that  time.  5 The  Latinised  name  of  Sylhet.  ' 6 “ Comptes  Rendus,”  1848,  p.  687. 

7 Erom  Choiro.i,  a pig,  and  menix,  a ruminant.  8 Vol.  X.,  p.  77.  9 loo  oil,  p.  78. 

10  Ibid,  p.  225.  ii  G.  S.  I.,”  Vol.  XI.,  p.  77. 
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consequently  that  Mr.  Pentland’s  original  determination  of  the  pentecuspid  upper 
molar  as  Anthracotherium  silistrense  was  correct,  but  that  the  tetracuspid  teeth,  forming 
M.  Pomel’s  genus  Choeromeryx , had  been  included  in  the  same  species.  It  was  also 
shown  at  the  same  time  that  the  mandible  on  the  evidence  of  which  the  species 
A.'  punjabiense  had  been  founded,  belonged  in  all  probability  to  the  same  species  as 
Mr.  Pentland’s  specimen  of  Anthracotherium. 

Upper  molars.- — The  type  specimen  is  represented  in  figures  4 and  5 of  plate 
XLY.  of  the  second  volume  of  the  second  series  of  the  “Transactions  of  the 
Geological  Society  ” ; a far  better  representation  of  the  specimen  is,  however,  given 
in  figures  23  and  23a  of  plate  LXVIII.  of  the  “Fauna  Antiqua  Sivalensis.”  The 
latter  figure  shows  that  the  tooth  is  a partially  worn  upper  true  molar  of  the  left  side, 
probably  the  last  tooth  of  the  series.  The  original  specimen  is  stated  to  have  been 
presented  to  the  Geological  Society,  but,  as  It  cannot  now  be  found  in  their  collection, 
the  identification  of  the  species  must  rest  upon  the  figure,  which  is  fortunately  amply 
sufficient.  The  two  teeth  represented  in  figures  10  and  12  of  plate  XXIII.  of  the 
present  memoir,  were  obtained  by  Messrs.  Blanford  and  Fedden,  from  the  lower 
Manclihars  of  Sind,  one  of  them  being  the  specimen  referred  to  in  the  notice  already 
quoted.  These  teeth  belong  to  the  true  molar  series  of  the  right  side,  the  specimen 
represented  in  figure  10  being  partially  worn,  while  the  other  is  an  unused  germ  : the 
former  is  probably  a third,  and  the  latter  a second  true  molar,  and  both  evidently 
belong  to  the  same  species.  If  figure  10  be  compared  with  figure  23  of  the  above 
quoted  plate  of  the  “ Fauna  Antiqua  Sivalensis,”  and  if  it  be  remembered  that  the 
teeth  belong  to  opposite  sides,  of  the  jaw,  there  will  be  no  question  as  to  the  specific 
identity  of  the  two,  whence  the  Sind  teeth  are  identified  with  Anthracotherium 
silistrense  of  Mr.  Pentland. 

With  regard  to  the  correctness  of  the  generic  determination  of  the  latter,  a 
comparison  of  the  figures  of  either  of  the  three  Indian  teeth  with  those  of  typical 
European  species  of  Anthracotherium , such  as  A.  alsaticum,1  or  A.  magnum ,2  will  at 
once  show  that  the  former  are  correctly  referred  to  the  same  genus.  There  does  not, 
however,  appear  to  be  any  European  species  with  which  the  Indian  teeth  can  be 
identified,  and,  their  original  reference  to  a distinct  species  may,  therefore,  stand. 
The  European  species  which  approaches  nearest  in  size  to  the  Indian,  form  is 
Anthracotherium  breviceps  from  the  lower  miocene,  or  oligocene,  brown-coal  of  Bonn  : 
the  figure  of  the  upper  molars  of  this  species  given  by  Dr.  Bottger 3 shows,  however, 
that  the  inner  columns  form  much  more  distinctly  defined  crescents  than  in  the 
Indian  teeth,  and  there  is  a more  pronounced  ‘ cingulum  ’ in  the  former.  The  teeth 
of  A.  alsaticum , the  figures  of  which  have  already  been  referred  to,  are  of  larger 
size  than  the  Indian  specimens,  but  agree  very  closely  in  general  form,  except  that 
in  the  former  there  is  a more  distinct  ledge  at  the  bases  of  the  external  walls  of  the 

l.H.  Filhol,  “Recherches  sur  Les  Phosphorites  du  Quercy,”  reprint,  Paris,  1877,  p.  395,  fig'.  241.  Gaudry  “Les 
Enchainements  du  Monde  Animal,  etc,”  p.  97,  fig.  118. 

2 Blainville  “ Osteographie,”  Anthracotherium.  3 “ Palaontographica,”  Yol.  XXIV.,  p.  165,  fig.  4,  a. 
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outer  columns,  and,  according  to  the  excellent  woodcut  given  by  Professor  Graudry, 
by  the  greater  production  of  the  antero-external  ^ngle  of  the  crown.  The  upper 
molars  of  A.  magnum,  to  which  a reference  has  likewise  been  given,  are  also 
constructed,  as  mentioned  above,  on  a very  similar  type  to  those  of  the  present 
species,  but  are  at  once  distinguished  by  their  much  greater  size.  The  molars  of 
A.  cuvieri  are  readily  distinguished  by  the  more  distinct  loop,  formed  by  the 
prominence  connecting  the  external  walls  of  the  two  outer  columns ; — a character 
especially  well  shown  in  two  molars  from  Piedmont,  in  the  National  Collection  at 
South  Kensington.  The  molars  of  Anthracotherium  dahnatinum,1  if  this  be  indeed 
distinct  from  some  of  the  other  species,  have  also  a more  distinct  loop  between  the 
outer  columns  than  in  the  Indian  teeth,  and  are  of  slightly  larger  size  than  the 
latter.  No  other  species  of  the  genus  present  any  close  approximation  to  the  Indian 
teeth. 

It  should,  however,  be  observed  that  the  latter  present  a certain  resemblance 
to  the  molars  of  Ghoeropotamus  parisiensis,  but  they  are  distinguished  by  the  greater 
tendency  to  the  development  of  intermediate  tubercles  in  the  latter. 

The  enamel  of  the  Indian  teeth  is  marked  superficially  by  a finely  reticulate, 
or  rugose  structure.  The  dimensions  of  the  specimen  represented  in  figure  10  are  as 
follows,  viz. : length,  0'68  inch  ; width,  0*7  inch  ; height  of  crown,  0‘36  inch. 

Mandible.— In.  figures  1 and  la  of  plate  XXIV.,  of  this  memoir,  there  is 
represented  the  hinder  portion  of  the  horizontal  moiety  of  the  right  ramus  of  the 
mandible  of  an  Anthracotherium , collected  by  Mr.  Theobald,  in  the  Siwaliks  of 
the  Punjab.  The  fragment  shows  the  three  true  molars  in  an  early  stage  of  wear; 
a portion  of  the  associated  left  ramus  of  the  mandible  was  also  obtained,  showing 
the  second  and  third  true  molars.  The  specimen  is  identical  in  form  with  the  right 
ramus  of  an  Anthracotherium,  previously  described  by  the  writer  under  the  name  of 
A.  punjabiense,  and  subsequently  referred  to  A.  silistrense ,2  but  as  being  the  more 
perfect  of  the  two  has  been  selected  for  figuring.  The  molars  present  the  characters 
of  those  of  typical  members  of  the  genus,  and  do  not,  therefore,  require  detailed 
description.  The  accessory  lobe  in  the  last  true  molar  is  well  developed,  and  there 
is  a distinct  tubercle  at  the  entrance  of  the  median  valley  on  the  external  side  of 
each  molar.  The  jaw  has  its  inferior  margin  strongly  convex,  and  is  of  considerable 
relative  depth,  indicating  great  power  of  biting  in  its  owner.  Below  the  hinder 
extremity  of  the  last  molar,  the  inferior  border  of  the  jaw  shows  a slight  in-cutting, 
probably  succeeded  in  the  complete  jaw  by  a descending  process,  thus  recalling  the 
corresponding  peculiarity  of  the  lower  jaws  of  Hippopotamus  and  Merycopotamus. 

It  should  be  observed  that  in  the  typical  forms  of  Anthracotherium  and 
Hijopotamus  (such  as  A.  magnum,  and  E.  velaunus),  the  lower  molars  of  the  former  are 
distinguished  from  those  of  the  latter  by  their  less  perfect  selenodont  form  ( compare 

i “ Paliiontographica,”  Vol,  IV. , p.  61,  pi.  XI.  This  species  is  referred  by  Biittger  to  Hyopotamus,  but,  judging  from  the 


figure,  seems  to  be  a true  Anthracotherium. 
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<(  Les  Enchainements  du  Monde  Animal ,”  figs.  1 1 1 and  113).  In  other  species,  however, 
as  in  A.  breviceps,1  the  molars  of  Anthracotherium  are  more  truly  selenodont,  and  appear 
to  be  with  great  difficulty  distinguishable  from  those  of  Hyopotamus  ; this  appears  to 
be  the  case  with  the  present  and  the  next  species.  The  dimensions  of  the  specimen 


are  as  follows  : — 

In. 

Length  of  1st  molar  0-5 

Width  of  „ „ 0-4 

Length  of  2nd  ,, 0-6 

Width  of  ,,  ,,  0-42 

Length  of  3rd  ,, 0-92 

Width  of  „ 0-44 

Depth  of  jaw 1 '38 

Thickness  of ,, 0-5 


As  these  dimensions  agree  so  well  with  those  of  the  upper  molars  of  Anthracotherium 
silistrense , it  appears  highly  probable  that  the  mandible  should  be  referred  to  that 
species. 

It  may  be  observed  that  as  the  premolars  are  not  present  it  is  impossible  to  say 
whether  the  form  of  those  teeth  agreed  with  that  of  the  premolars  of  Anthracotherium • 
or  of  the  allied  genus  j Hemihyus,  which  appears  to  be  distinguished  mainly  by  the 
form  of  these  teeth.2 

Summary. — No  other  remains  of  this  species  have  hitherto  come  under  the 
writer’s  notice,  but  those  above  described  are  amply  sufficient  to  prove  the  former 
existence,  in  India,  of  a small  strong-jawed  species  of  anthracothere  closely  allied  to 
the  species  from  the  brown-coal  of  Europe. 

Distribution. — This  species  had  a wide  distribution  in  space,  as  its  upper  molars 
have  been  found  in  Sind,  in  the  extreme  west  of  India,  and  in  the  Gr&ro  Hills  in  the 
extreme  east.  The  lower  jaws,  on  the  assumption  that  they  belong  to  the  same 
species,  have  been  found  in  the  intermediate  district  of  the  Punjab.  This  species, 
from  its  occurrence  in  the  lower  Manchhar  series,  is  not  improbably  only  of  earlier 
pliocene  age,  as  it  is  quite  probable  that  the  specimens  from  the  Punjab  were  derived 
from  beds  low  down  in  the  Siwalik  series. 

Species  2.  Anthkacothekium  hyopotamoides.  n.  sp.  Nobis. 

History. — This  species  is  mentioned  here  for  the  first  time,  as  it  is  founded  on 
an  upper  molar  tooth  obtained  in  the  early  part  of  the  year  1882,  by  Mr.  W.  T. 
Blanford,  from  the  lower  Manchhar  rocks  of  the  Bhugti  hills,  north  of  the  Sind 
frontier,  and  considered  at  first  to  belong  to  the  same  species  as  an  upper  molar 
referred  to  a species  of  Hyopotamus,  mentioned  in  the  “ Records  ” 3 for  that  year, 
and  described  in  the  sequel.  Other  remains  described  below  are  provisionally 
referred  to  the  same  species.4 

1 “ Palaontographica,”  Vol.  XXIV.,  p.  165,  fig.  16. 

2 See  Filhol  “ Memoires  sur  Quelques  Mammiferes  Eossiles  des  Phosphorites  du  Quercy,”  Toulouse,  1882,  p.  106. 

3  Vol.  XV.,  p.  107.  4 Casts  of  the  figured  remains  of  this  species,  and  of  Hyopotamus  giganteus  are  in  the  British  Museum. 
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Upper  molar. — The  specimen  of  an  upper  molar  referred  to  above  is  represented, 
of  the  natural  size,  in  figure  2 of  plate  XXIV.:  it  is  implanted  in  a fragment  of  the 
right  maxilla,  which  also  shows  the  base  of  the  preceding  tooth  : the  perfect  tooth  is 
the  last  true  molar.  The  tooth  has  unfortunately  lost  a considerable  portion  of  the 
first  outer  column,  but  is  otherwise  perfect : it  is  in  an  early  stage  of  detrition,  the 
two  hinder  columns  being  untouched.  The  tooth  is  invested  with  a highly'  rugose 
enamel,  a character  which,  though  apparently  trivial,  will  be  shown  in  the  sequel  to 
be  of  some  importance.  An  inspection  of  the  figure  will  at  once  show  that  the  tooth 
belongs  to  one  of  the  pentecuspidate  selenodont  Suina,  in  which  the  fifth  column  is 
well  developed.  The  external  surface  of  the  one  remaining  perfect  outer  column 
bears  a well  developed  vertical  median  ridge,  diminishing  in  width  from  the  base 
upwards ; the  lateral  borders  of  the  base  of  the  same  surface  are  not  produced  out- 
wardly, so  that  they  do  not  proj  ect  beyond  the  middle  point  of  the  base  of  this  surface. 
The  two  outer  columns  are  connected  by  a fold,  which  in  the  present  condition  of  the 
tooth  forms  an  angle,  but  in  a worn  condition  would  form  an  open  loop.  The  second 
inner  column  is  rounded  externally,  and  concave  internally ; it  is  separated  by  a 
shallow  valley  from  the  outer  column  of  the  same  side.  The  first  inner  column  is 
irregularly  shaped.  The  transverse  median  valley  of  the  crown  is  shallow,  and  does 
not  become  deeper  as  it  passes  outwards  : there  is  no  ‘ cingulum.’  The  dimensions 
of  the  specimen  are  as  follows  : — 

In. 

Length . . . 1'6 

Width. ' . . . 1-68 

Height  of  second  outer  column 0-8 

Comparisons. — Comparing  the  specimen  with  the  upper  molars  of  the  genus 
Anthracotherium,  we  find  that  in  typical  species  of  the  latter,  as  A.  magnum / 
A.  alsaticum 2 and  A.  silistrense  (plate  XXIII.  fig.  10)  the  fold  connecting  the  two 
outer  columns  is  more  compressed,  and  so  to  speak,  more  pinched  in,  and  does  not 
form  a wide  distinct  liorse-shoe-like  loop,  but  has  its  outer  service  flat  and  bounded 
by  distinct  borders,  forming  a Y-shaped  shield  on  the  outer  surface  of  the  crown. 
In  some  species,  however,  as  in  A.  cuvieri,  and  especially  in  the  molars  of  that 
species  from  Piedmont  in  the  British  Museum  already  mentioned,  there  is  a better 
defined  loop,  but  still  much  less  marked  than  in  the  present  specimen.  The 
shallowness  and  even  depth  of  the  valleys,  of  the  latter,  and  the  forms  of  the  columns, 
as  well  as  the  rugose  structure  of  the  enamel,  are,  however,  characters  of  the  genus 
Anthracotherium,  as  distinct  from  Hyopotamus , and  the  specimen  has  accordingly  been 
provisionally  referred  to  the  former  genus.  It  has,  however,  characters  distinctly 
approximating  it  to  Hyopotamus,  to  mark  which  affinity  it  has  been  designated 
Anthracotherium  hyopotamoides.  In  size  it  is  intermediate  between  A.  magnum  and 
A . cuvieri.  It  will  be  shown  in  the  sequel  that  the  resemblance  of  the  tooth  is  so 
close  to  an  upper  molar  from  the  same  locality  (pi.  XXIV.,  fig.  3)  provisionally 

l See  BlainviUc  “ Osteographie,”  Anthracotherium.  2 Filhol.  op.  cit. 
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referred  to  Hyopotamus,  that  it  was  at  first  considered  doubtful  whether  the  two  could 
be  even  specifically  separated. 

Mandible. — The  assignation  of  their  respective  lower  jaws  to  allied  forms  when 
there  are  two  or  more  species  of  nearly  the  same  size  is  always  a matter  of  extreme 
difficulty  and  uncertainty,  and  in  the  present  instance  the  reference  must  be 
considered  purely  provisional,  or,  indeed,  merely  as  a guess.  In  plate  XXY.  there 
are  represented  three  fragments  of  mandibles  of  large  selenodont  Suina,  obtained 
from  the  Bhugdx  hills  in  company  with  the  foregoing  specimen,  which  must  evidently 
belong  either  to  the  present  species  or  to  Hyopotamus  giganteus,  described  in  the 
sequel.  These  three  fragments,  although  agreeing  in  the  size  and  structure  of  their 
teeth,  show  such  differences  in  their  shape  that  it  is  probable  that  they  belong  to  at 
least  two  distinct  species,  one  of  which  was  furnished  with  a more  slender  mandible 
than  the  other.  As  it  appears  that  the  mandible  of  Anthracotherium  is  generally  of  a 
stouter  type  than  that  of  Hyopotamus  (compare  plate  XXI Y.,  figures  la  and  4),  the 
stouter  jaw  is  provisionally  assigned  to  the  present  species.  Of  the  two  specimens 
showing  the  last  true  molar,  the  specimen  represented  in  figure  1 has  the  greatest 
depth  of  j aw.  It  shows  the  hinder  part  of  the  last  true  molar,  and  a fragment  of  the 
horizontal  ramus,  with  the  commencement  of  the  surface  for  the  attachment  of  the 
masseter  muscle.  Its  dimensions  are  as  follows : — 


In. 

Depth  at  second  column  of  molar  . . . . . . I . . 3.22 

Greatest  thickness  . . . 1 -.5 

Width xif' last  molar 1-2 


The  inferior  border  exhibits  the  notch  characteristic  of  Anthracotherium  and  its  allies. 

In  figure  3 of  the  same  plate  there  is  represented  a fragment  of  a right  ramus 
of  the  mandible  showing  the  second  true  molar,  in  an  intermediate  stage  of  wear, 
and  a portion  of  the  much-worn  first  true  molar.  The  dimensions  of  this  specimen 


are  as  follows  3 ,^ 

In. 

Depth  at  hinder  border  of  2nd  molar  . 3-42 

Length  of  second  molar ' 1-4 

Width  of  „ „ ...  I , . . . . . . . , . 1-16 


It  will  be  seen  that  this  specimen  is  still  deeper  than  the  last,  but  it  is  possible 
that  the  two  may  have  belonged  to  the  two  sexes  of  the  same  species.  No  further 
comparisons  can  be  made  with  the  materials  available.  The  points  distinguishing 
the  specimen  represented  in  figure  1 from  that  in  figure  2 will  be  discussed  with 
the  description  of  the  latter,  under  the  head  of  Hyopotamus  giganteus. 

Genus  II.  HYOPOTAMUS.1  Owen.  (1847). 

Ancodus.  Pomel(1847). 

Botliriodon.  Ayrnard  (1848). 

Cyclogn a th us . -¥j  Croiz. 

Tapinodon,  Meyer., 

History  aycd  Characters. — This  genus  was  established  in  1847,  by  Professor  Owen,2 
on  the  evidence  of  certain  molar  teeth  and  jaws  obtained  by  the  late  Marchioness  of 

l From  Inis,  kws , a pig,  and  petamos,  a river.  2 « Q,uar.  Jour.  Geol.  Soc.,’  Vol.  iv.,  p.  143,  et  scq. 
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Hastings  from  the  upper  eocene  (oligocene)  strata  of  the  Hampshire  basin.  Two 
species  were  formed  from  these  specimens,  and  it  was  shown  at  the  same  time  that  De 
Blainville’s  Anthracotherivm  velaunum  must  be  referred  to  the  new  genus.  Shortly 
before  the  publication  of  Professor  Owen’s  memoir,  the  new  genus  Ancodus  had  been 
established  by  M.  Pomel,1  for  certain  teeth  which  were  subsequently  shown  to  be 
generically  the  same  as  those  described  as  Hyopotamus.  There  is  no  doubt  that  M. 
Pomel3 s name  has  the  priority,  but  as  Professor  Owen’s  name  is  almost  universally 
used  in  England  it  has  been  adopted  here,  although  Ancodus  is  largely  used  by 
continental  palaeontologists.2  Subsequently  other  remains  were  described  under  the 
names  of  Bothriodon,  Cyclognathiis,  and  Tapinodon , which  were  shown  by  Dr. 
Kowalevsky  3 to  belong  to  Hyopotamus.  It  was  also  shown  by  the  same  writer  that 
certain  species  referred  to  Cainotherium  belonged  to  the  same  genus. 

In  his  original  description  it  was  at  first  considered  by  Professor  Owen  that 
Hyopotamus  differed  from  Anthracotherium  by  the  upper  premolars  having  two 
1 barrels,’  in  place  of  one,  but  it  was  subsequently  shown  that  the  teeth  originally 
considered  as  premolars  were  in  reality  milk-molars.  As  was  mentioned  in  the 
characters  of  the  family,  the  whole  number  of  the  typical  placental  dentition  is 
always  present,  but  there  is  considerable  diversity  as  to  the  position  of  the  anterior 
premolars,  and  the  relative  size  of  the  canines.  Thus  in  H.  leptorhynchus  the 
first  premolar  is  separated  by  a long  interval  from  the  other  three  teeth  of  that 
series,  which  are  all  in  apposition,  and  the  canine  is  large.  In  the  form  known  as 
H.  aymardi , which  is  very  probably  the  female  of  the  last,  the  first  and  second 
premolars  are  separated  by  1 diastemse  ’ of  equal  lengths  from  the  third  and  fourth 
premolars,  and  the  canine  is  small.  In  H.  velaunus  the  first  premolar  only  is  separated 
from  the  others  by  a small  ‘ diastema,’  and  the  canine  is  small.  The  skull,  in  those 
forms  in  which  it  is  known,  is  remarkable  for  the  elongation  of  the  facial  portion, 
for  the  smallness  of  the  brain  cavity,  and  for  the  absence  of  a ‘ larmier,’  (Filhol.) 
The  upper  true  molars  of  the  typical  forms  are  distinguished  from  those  of  typical 
forms  of  Anthracotherium  by  the  more  distinct  and  wider  loop  formed  on  the  outer 
border  of  the  masticating  surface  at  the  union  of  the  two  outer  columns.  fThis 
difference  is  admirably  shown  in  figures  6 and  9 of  plate  VII.  of  Professor  Owen’s 
memoir , where  the  molars  of  Anthracotherium  magnum  (fi.g.  9J  are  reduced  to  the  same 
size  as  those  of  Hyopotamus  vectianus  (fig . 6J.J  There  is,  however,  such  a gradual 
transition,  through  less  typical  forms,  from  Hyopotamus  to  Anthracotherium  in  these 
respects,  that  it  is  almost  impossible  to  give  definite  generic  characters  founded  on 
the  structure  of  the  molar  teeth,  and  it  is  not  impossible,  as  previously  observed, 
that  the  two  genera  may  eventually  have  to  be  amalgamated. 

Distribution. — The  genus  Hyopotamus  has  a very  extensive  distribution  in  space, 
its  remains  having  been  obtained  from  the  tertiaries  of  India,  Europe,  and  North 

1 ‘Archives  de  la  Bibliotheque  de  Genfeve,’  Vol.  VII.,  1847. 

2 Dr.  Kowalevsky  (‘  Phil.  Trans.’  loc.  cit.,  p.  22,)  attempted  to  show  that  Ancodus  was  never  defined,  hut  Dr.  Filhol 

(“  Mammifores  de  Ronzon,”  p.  87,)  has  shown  that  this  is  erroneous.  3 ‘ Phil.  Trans.,’  loc.  cit. 
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America.  Its  range  in  time  is  from  the  upper  eocene  (5th  tertiary  stage  of  Gaudry) 
to  the  lower  miocene  in  Europe,  while  in  India  it  survived  (probably)  to  the  earlier 
pliooene.  Its  maximum  of  development  in  Europe  occurred  in  the  lower  miocene 
(8th  tertiary  stage.)  In  America  it  seems  to  be  confined  to  the  miocene. 

Number  of  species. — There  is  very  great  difficulty  in  arriving  at  a satisfactory 
conclusion  as  to  the  number  of  species  of  the  genus,  owing  to  the  numerous 
synonyms,  and  the  confusion  caused  by  writers  wrongly  identifying  new  forms  with 
previously  described  species.  Dr.  H.  Filhol,  in  his  memoir  on  the  fossil  mammals  of 
Konzon,1  has  endeavoured  to  correct  the  synonomy  of  the  French  and  English 
species,  and  comes  to  the  conclusion  that  they  should  all  be  referred  to  four  species, 
which  he  respectively  terms — (l)  Ancodus  velaunus  Pomel,  (2)  A.  leptorhynchus  Pomel, 
(3)  A.  bovinus  Owen,  and  (4)  A.  porcinus  Gervais.  In  the  first  species  he  includes 
the  English  Hyopotamus  vectianus  of  Professor  Owen,  and  in  the  second  Ancodus 
aymardi  of  M.  Pomel,  the  skull  of  which  is  figured  under  the  latter  name  on  plate  XYI 
of  his  memoir,  but  which  on  page  188  of  the  same  is  shown  to  belong  probably  to  a 
female  of  A.  leptorhynchus.  Thus  far  Dr.  Filhol  is  clear  enough,  but  on  page  99  he 
observes  “ that  the  Ancodus  velaunus  of  M.  Pomel  does  not  correspond  to  Bothriodon 
velaunus  of  M.  Aymard,  as  one  might  at  first  suppose,  but  to  Bothriodon  platyrhynchus 
of  the  same  author;  and  that  the  Ancodus  aymardi  of  M.  Pomel  is  the  Bothriodon 
velaunus  of  M.  Aymard.”  This  may  shortly  be  expressed  as  follows,  viz.: — 

A.  velaunus.  Pom.=i?.  platyrhynchus . Aym. 

And  B.  velaunus.  Pvym.—A.  aymardi  Pomel. 

On  page  186,  it  is  stated  that  u the  animals  described  under  the  names  Ancodus 
incertus  Pomel,  Hyopotamus  borbonicus  Gervais,  Ancodus  aymardi  Pomel,  and 
Bothriodon  velaunus  Aymard  form  one  and  the  same  species.”  On  page  189  H. 
borbonicus  is  classed  as  a synonym  of  A.  velaunus  Pomel,  and  as  it  was  before 
considered  to  be  the  same  as  A.  aymardi  Pomel,  it  follows  that  A.  aymardi  Pomel  is 
the  same  as  A.  velaunus  Pomel,  and  consequently  that  the  latter  is  the  same  as 
Bothriodon  velaunus  of  M.  Aymard,  which  we  were  expressly  told  at  first  was  not  the 
case.  In  respect  of  these  species  M.  Filhol  has,  indeed,  made  the  1 confusion  worse 
confounded,’  and  without  the  whole  series  of  type  specimens  for  comparison  it  is 
quite  impossible  to  give  a correct  list  of  the  synonomy  and  number  of  the  species. 

The  following  list  must,  therefore,  only  be  considered  as  an  approximation  to 
the  truth  ; the  hypothetical  reference  of  the  form  known  as  Hyopotamus  aymardi  to 
H.  leptorhynchus  is  indicated  by  a note  of  interrogation  ; and  also  that  of  H.  vectianus 
of  Owen  to  H.  velaunum.  The  European  species  additional  to  the  four  French  and 
English  species  admitted  by  M.  Filhol  are  given  on  the  authority  of  Dr.  Kowalevsky. 
II.  borbonicus  is  identified  with  II.  vectianus , whether  or  not  the  latter  species  is  the 
same  as  H.  velaunus. 


1 l«e.  eit.  reprint,  p.  189. 
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1.  Hyopotamus  americanus,1  Leicly.  Miocene;  N.  America. 

2.  Hyopotamus  bovinus,2  Owen.  Up.  eocene  (5th  stage) ; Europe. 

3.  Hyopotamus  crispus,3  Gervais.  Low.  miocene;  Europe. 

*4.  Hyopotamus  gergovianus,4  (Croiz).  Low.  miocene ; Europe. 

Anthracotherium  gergovianum.  Croiz. 

Cyclognathus  gergovianus.  Croiz. 

5.  Hyopotamus  giganteus,5  Nobis.  Earlier  pliocene  (?);  India. 

6.  Hyopotamus  greslyi,6  Rut.  Up.  eocene  ; Europe. 

Tapinodon  greslyi.  Myr. 

7.  Hyopotamus  leptorhynchus,7  (Pomel).  Low.  miocene;  Europe. 

(?  j Ancodus  aymardi.  Pomel. 

Ancodus  insights.  Filhol.  1 
Ancodus  leptorhynchus.  Pomel. 

A ncodus  ' macrorhinus.  Pomel. 

Bothriodon  insignis.  Filhol. 

Bothriodon  leptorhynchus.  Aymard. 

Bothriodon  velaunus.  Aymard. 

8.  Hyopotamus  palaiindicus,8  Nobis.  Earlier  pliocene  (?) ; India. 

9.  Hyopotamus  porcinus,9  Gervais.  Low.  miocene  ; Europe. 

10.  Hyopotamus  renevieri,10  (Pictet).  Up.  eocene  (?);  Em-ope. 

Cainotherium  renevieri.  Pictet. 

Cainotherium  courtoisi.  ' Pictet. 

11.  Hyopotamus  velaunus,11  (Blain).  Up.  eocene,  and  low.  miocene  (8tli  stage); 

Europe. 

(? J Ancodus  horbonicus.  Gervais.  . 

Ancodus  incertus.  Pomel. - 
Ancodus  velaunus.  Pomel. 

Anthracotlierium  velaunum.  Blain. 

Bothriodon  platyphynchus.  Aymard. 

(?)  Hyopotamus  horbonicus.  Gervais. 

( ?J  Hyopotamus  vectianus ,12  Owen. 


Hyopotamus  guyotanus , Cope,  belongs  to  21 levy  copater. 


l ‘Jour.  Acad.  Nat.  Sci.  Philad,’  Ser.  2,  Vol.  VII.,  pi.  XXI.,  fig.  1.  2 ‘ Quar.  Jour.  Geol.  Soc.,’  Vol.  IV.,  pi.  VII.,  fig.  1 . 

3 Pictet,  “Paleontologie  Suisse,”  Vol.V.,  pi. XXIV., figs.  8-13.  4 Blainville  “Osteographie,”  Anthracotherium,  pi.  III. 

5 Vide  infra.  6 Pictet  “ Paleontologie  Suisse,”  Vol.  V.,  pi.  XXIV.,  figs.  4-7.  ‘Nov.  Mem.  Soc.  Held  Vol.  XIX., 

pi.  V.,  figs.  64-7.  7 Filhol.  “ Mammiferes  de  Ronzon,”  pis.  XV.  XVI.,  ( d.  aymard ij.  8 Vide  infra. 

9 Gervais  “ Zool.  et.  Paleontologie  Franchises,”  pi.  XXXI.,  fig.  8. 

l«  Pictet  ‘ Paleontologie  Suisse,”  Vol.  V.,  pi.  XXVI.,  figs.  8-12.  H Filhol  “ Mammiferes  de  Ronzon,”  pi.  XVIII. 

12  This  species  is  introduced  as  a synonym  of  H.  vtlatytts  solely  on  the  authority  of  Dr.  Filhol  (toe.  cit.),  hut  in  the  sequel 

is  frequently  treated  as  a distinct  species  : if  really  distinct  II.  horbonicus  should  be  referred  to  it,  and  perhaps  some  of  the 

other  synonyms.  (See  Gervais,  loc.  cit.,  p.  192.) 
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Species  1. — Hyopotamus  pal^eindicus.  n.  sp.  Nobis. 

History. — This  species  was  first  named  by  the  writer  in  the  year  1877 1 on  the 
evidence  of  two  small  upper  molar  teeth,  obtained  by  Mr.  W.  T.  Blanford  in  the 
lower  Manchhar  rocks  of  Sind.  Other  teeth,  together  with  a portion  of  the  mandible, 
were  subsequently  obtained  from  the  same  strata  by  Messrs.  Blanford  and  Fedden, 
and  have  also  been  briefly  noticed  in  the  “ Records.”2  All  the  above  specimens  form 
the  subject  of  the  present  fuller  notice. 

Tipper  molars. — In  figures  4 and  6 of  plate  XXIII.  of  this  memoir  there  are 
represented,  from  the  masticating  aspect,  the  two  most  perfect  specimens  of  the 
above-mentioned  upper  true  molars.  The  specimen  represented  in  figure  4 belongs 
to  the  right  side,  has  been  but  little  abraded  by  wear,  and  is  most  probably  the  last 
true  molar.  The  specimen  represented  in  figure  6 is  from  the  opposite  side,  has 
been  considerably  more  worn  down,  and  is  probably  the  second  true  molar : both 
specimens  are  quite  perfect.  The  external  aspect  of  the  specimen  represented  in 
figure  4 is  given  in  figure  7.  These  teeth  present  all  the  essential  characters  of  the 
upper  molars  of  the  genus  Hyopotamus  ; the  fifth,  or  accessory  column,  is  of  relatively 
small  size,  but  can  be  distinguished,  in  its  unworn  condition,  on  the  right  side  of 
figure  4,  but  in  figure  6 it  has  become  confluent  by  wear  with  the  antero-internal 
column  f left  side  of  figurej.  The  crown  is  remarkably  low,  surrounded  on  three  sides 
by  a well  defined  ‘cingulum,’  and  invested  with  a striated  enamel.  Although,  as  has 
been  already  mentioned,  these  teeth  present  a strong  resemblance  in  their  general 
plan  of  structure  to  those  of  the  European  and  American  species  of  Hyopotamus , yet 
when  examined  in  more  detail  they  present  such  differences  as  to  leave  no  doubt  of 
the  specific  distinctness  of  the  form  to  which  they  belonged,  though  it  is  much  to  be 
desired  that  materials  may  eventually  be  forthcoming  which  will  enable  more  full 
comparisons  to  be  made.  The  most  important  points  of  distinction  of  the  Indian 
teeth  are  the  much  more  prominent  development  of  the  vertical  ridges  on  the  external 
surfaces  of  the  outer  columns,  and  also  the  smaller  relative  size  of  the  fifth 
column.  The  following  comparisons  indicate  these  differences  in  the  species 
approaching  in  size  to  the  Indian  teeth.  In  all  the  three  skulls  figured  by  M.  Filhol, 
in  his  memoir  on  the  fossil  mammals  of  Ronzon  quoted  above, 3 under  the  names  of 
Hyopotamus  ( AncodusJ  lept.orhynchus , II.  aymardi,  and  II.  velaunus , the  fifth  column  is 
very  much  more  developed  than  in  the  Indian  teeth,  being  frequently  as  large  as  the 
other  columns,  while,  as  far  as  can  be  judged  from  the  figures,  the  median  vertical 
ridges  on  the  external  surfaces  of  the  outer  lobes,  so  conspicuous  in  the  Indian  teeth, 
appear  to  be  wanting.  In  the  molars  of  the  large  R.  boirinus 4 from  the  Isle  of  Wight 
these  ridges  are  likewise  wanting.  In  the  molars  in  the  British  Museum  belonging  to 
the  form  described  by  Professor  Owen  under  the  name  of  H.  vectianusf  hut  identified  by 

i ‘ R.  Gr.  S.  I.’,  Vol.  X.,  p.  77.  2 Vol.  XI.,  p.  80. 

3 Pis.  XV.  to  XVII.  An  excellent  woodcut  of  an  upper  molar  of  H.  velaunus  is  given  by  M.  Gaudry,  he.  cit. , p.  98, 
fig.  122.  4 Owen  loc.  cit.,  pi.  VII.,  fig.  1.  5 Ibid,  pi.  VTI„  fig.  6. 
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M.  Filliol  with  E.  velaunus,  there  is  a distinct  ridge  present  on  each  column,  but,  as 
in  the  other  European  forms,  the  external  angles  of  each  of  the  outer  columns,  are 
much  more  developed  than  in  the  Indian  teeth,  and  project  outwardly  beyond  the 
plane  of  the  median  ridges,  in  much  the  same  manner  as  in  the  molar  represented  in 
figure  5 of  plate  XXIII.  of  the  present  memoir.  The  presence  of  these  ridges  in 
the  Isle  of  Wight  teeth,  and  them  apparent  absence  in  those  of  the  continental  E. 
velaunus  would  seem  to  throw  some  doubt  on  M.  Filliol’ s identification  of  the  two 
forms.  In  the  sequel  E.  vectianiis  is  still  provisionally  classed  as  a distinct  species,  if 
only  for  the  sake  of  convenience  of  reference.  In  E.  americanus 1 (distinguished  by 
its  taller  columns,  and  larger  fifth  column),  and  in  the  small  II.  gresslyi ,2  the  median 
ridge  is  more  developed  than  in  any  other  non-Indian  form,  but  still  much  less  so 
than  in  the  Indian  teeth.  The  other  European  forms  are  of  smaller  size,  and  do  not 
approach  closely  to  the  Indian  teeth. 

On  the  whole  it  would  seem  that  there  is  little,  if  any  doubt,  but  that  the 
Indian  teeth  should  be  referred  to  the  genus  Eyopotamus,  but  that  they  belong  to  a 
slightly  abnormal  division  of  it.  This  reference  will  be  found  to  be  of  considerable 
importance  with  regard  to  the  generic  determination  of  the  teeth  of  the  next  species. 
The  dimensions  of  the  specimen  represented  in  figure  4 are  as  follows : — viz ., 
length,  (>8  inch ; breadth,  089  inch ; height  of  crown,  045  inch.  The  specimen 
represented  in  figure  6 is  of  slightly  larger  dimensions. 

Lower  molar. — In  figure  3 of  plate  XXIII,  there  is  represented  the  greater  portion 
of  the  third  left  lower  molar  of  a liyopotamid,  obtained  by  Mr.  W.  T.  Blanford  in 
Sind.  The  tooth  has  lost  its  third,  or  last  barrel,  but  is  otherwise  perfect,  and  is  in  an 
intermediate  condition  of  wear.:  it  agrees  in  all  general  respects  with  the  lower 
molars  of  Eyopotamus , and  is  of  about  the  same  size  as  the  last  lower  molar  of  the 
European  E.  bovinus.  The  crown  is,  however,  lower  than  in  most  European  forms, 
in  which  respect  it  corresponds  with  the  upper  teeth.  The  size  of  the  tooth  renders 
it  rather  large  to  have  belonged  to  the  same  species  as  the  upper  molars  described 
above,  which  are  nearly  equal  in  size  to  those  of  E.  vectianus , but  since  we  have 
seen  that  there  is  some  variation  in  the  size  of  the  upper  teeth,  and  as  it  is  extremely 
undesirable  to  form  new  species  on  such  scanty  evidence,  and  without  a fair  amount 
of  certainty,  it  seems  better  to  provisionally  refer  the  lower  tooth  to  the  same  species 
as  the  upper.  It  may  be  added  that  the  tooth  is  readily  distinguished  from  the  lower 
molar  of  Merycopotamus  by  the  greater  stoutness  and  breadth  of  the  barrels,  by  the 
more  rounded  contour  of  the  inner  columns,  and  by  the  smaller  degree  of  elevation 
and  sharpness  of  the  whole  crown,  and  especially  of  its  outer  columns. 

Mandible. — In  figure  4 of  plate  XXIV.  there  is  represented,  from  the  external 
aspect,  the  portion  of  the  left  ramus  of  the  mandible  noticed  in  the  passage  in  the 

1 Leidy,  “Jour.  Acad.  Nat.  Sci.  Philad,”  Vol.  VII.,  pi.  XXI.,  fig.  1.  An  excellent  woodcut  of  an  upper  molar  is 
given  by  Professor  Cope  “ Origin  of  Types  of  Molar  Teeth,  etc,”  Philadelphia,  1874,  p.  II.,  fig.  8.  The  comparisons  given 
in  the  text  are  chiefly  made  from  a cast  of  the  molars  in  the  British  Museum. 

2 Pictet,  “ Paleontologie  Suisse,”  Vol.  V.,  pi.  XXIV.,  figs.  12  and  13. 
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“ Records  ” already  quoted,  and  provisionally  referred  to  Hyopotamus  palceindicus  : the 
specimen  was  obtained  by  Mr.  Fedden,  from  the  lower  Manchhars  of  Sind.  It  comprises 
the  posterior  part  of  the  horizontal  ramus,  showing  the  bases  of  the  second  and  third 
true  molars,  and  the  anterior  part  of  the  surface  for  the  attachment  of  the  masseter 
muscle.  The  jaw  is  slender  and  elongated,  the  inferior  border  of  the  dentigerous 
portion  being  nearly  straight  and  inclining  rapidly  upwards  : posteriorly  to  this 
portion  there  is  a broad  open  notch,  and , then  the  commencement  of  a descending 
process.  Both  the  notch  and  the  descending  process  are  much  less  developed  than  in 
Mery  cop  otamus,  in  which  genus  the  mandible  is  relatively  much  stouter  and  deeper. 
The  form  of  the  section  of  the  last  true  molar  agrees  precisely  with  the  base  of  the 
last  lower  molar  represented  in  figure  3 of  plate  XXIII.,  and  provisionally  referred 
to  Hyopotamus  palceindicus,  and  it,  therefore,  ■ seems  almost  certain  that  the  two 
specimens  belong  ,to  the  same  species.  The  figured  jaw  agrees  very  closely  with  the 
corresponding  portion  of  the  mandible  of  Hyopotamus  bovinus  figured  by  Professor 
Owen,  in  the  memoir  already  quoted  but  its  resemblance  to  the  slender  jaw  of  the 
so-called  H.  aymardi ,2  in  which  the  descending  plate  at  the  angle  is  largely  developed, 
is  still  more  close.  The  depth  of  the  Sind  jaw  is  1*3  inches,  and  the  length  of  the 
last  true  molar  T36  inches.  It  will  thus  be  seen  that  the  present  jaw  is  of  a more 
slender  type  than  that  of  the  small  Antkracofherium  silistrense  described  above ; in 
this  point,  therefore,  the  two  Indian  specimens  respectively  agree  with  the 
proportionate  forms  of  the  jaws  of  the  European  species  of  Hyopotamus  and 
Anthracotherium. 

Distribution. — Remains  of  this  species  have  hitherto  been  obtained  only  from 
the  lower  Manchhar  rochs  of  Sind. 

Species  2.  Hyopotamus  giganteus.  n.  sp.  Nobis. 

History. — As  there  seem  to  be  two  species  of  Indian  Anthracotherium , the  one 
large  and  the  other  small,  so  there  appears  to  have  been  a large  and  a small  species 
of  Hyopotamus,  the  former  forming  the  subject  of  the  present  notice.  The  only 
previous  notice  of  this  species  is  a statement  in  the  “Records”  for  1882, 3 to  the 
effect  that  Mr.  W.  T.  Blanford  had  in  the  early  part  of  that  year  obtained  from  the 
lower  Manchhar  rocks  of  the  Bhugti  hills,  to  the  north  of  the  Sind  frontier,  several 
molars  of  a species  of  Hyopotamus  of  larger  size  than  those  of  any  known  species  of 
the  genus.  Among  these  teeth  was,  however,  included  the  above-described  upper 
molar  on  which  Anthracotherium  hyopotamoides  is  founded,  and  there  consequently 
only  remain  two  teeth  which  can  certainly  be  ascribed  to  the  present  species. 

Tipper  molar. — In  figure  3 of  plate  XXIV.  there  is  figured  one  of  the  two 
molar  teeth  discovered  by  Mr.  Blanford.  The  specimen  is  a last  upper  molar, 
as  is  gathered  from  the  absence  of  a disc  of  pressure  on  the  posterior  aspect  of  the 
crown,  and  is  in  a middle  condition  of  wear  : it  has  lost  its  two  outer  angles,  and  a 
portion  of  the  loop  connecting  the  two  outer  columns,  but  is  otherwise  perfect. 

i ‘ Quar.  Jour.  Geol.  Soc.,’  Vol.  IV.,  pi.  VIII.,  fig.  3.  2 “ Mammiferes  Fossiles  de  Eonzon,”  pi.  XXI. 

3 Vol.  XV.,  p.  107. 
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It  will  be  observed  from  a comparison  of  the  two  figures  (plate  XXIV.  figures 
2 and  3)  that  this  tooth  is  of  precisely  the  same  dimensions  as  the  corresponding 
tooth,  of  the  opposite  side  of  the  jaw,  of  Anthracotherium  hyopotamoides ; and  the 
general  resemblance  between  the  two  is  indeed  so  close,  that,  as  has  already  been 
said,  they  were  on  a first  examination  referred  to  the  same  species.  A closer 
examination  has,  however,  shown  that  not  only  must  they  in  all  probability  be 
referred  to  distinct  species,  but  according  to  the  present  classification  to  distinct 
genera,  though  they  afford  the  strongest  grounds  for  the  ultimate  fusion  of  these 
two  genera. 

It  will  be  simplest  to  indicate  in  the  first  place  how  the  tooth  before  us  differs 
from  the  upper  molar  of  Anthracotherium  hyoyotamoid.es ; and  it  must  be  observed 
that  this  comparison  is  rendered  somewhat  difficult  by  the  different  states  of  wear  of  the 
two  specimens.  The  tooth  under  Consideration  is  firstly  distinguished  from  the  latter 
by  the  structure  of  the  enamel,  which  is  marked  by  longitudinal  striae,  in  place  of 
being  rugose.1  It  is  also  distinguished  by  the  presence  of  a very  marked  ‘cingulum,’ 
encircling  the  inner  half  of  the  base  of  the  crown.  Further,  the  median  transverse 
valley,  in  place  of  being  of  tlie  same  depth  throughout  its  course,  becomes  much 
deeper  in  the  middle,  and  at  its  outer  extremity.  Perhaps,  however,  the  most 
important  differences  occur  on  the  external  surfaces  of  the  two  teeth ; differences 
unfortunately  to  a great  extent  obscured  by  the  fracture  of  the  external  angles  of 
the  specimen  under  consideration.  Those  angles,  however,  when  perfect  must 
evidently  have  been  greatly  produced  outwards,  and  have  curved  over  the  flat 
portions  of  the  external  surfaces  of  the  two  outer  columns  in  much  the  same  manner 
as  in  typical  species  of  HyopotamusA  Again,  these  surfaces  are  less  nearly  vertical, 
sloping  more  towards  the  inner  side  than  in  A.  hyopotamoides , and  the  centres  of 
their  bases  are  depressed  below  their  lateral  borders,  while  all  are  in  one  plane  in  the 
latter. 


The  second  specimen,  which  is  represented  in  the 
accompanying  woodcut,  is  also  a third  left  upper  molar,  as  is 
proved  by  the  absence  of  a pressure  disc  on  the  posterior 
side,  and  is  slightly  larger  than  the  first  specimen.  It  was  also 
obtained  in  the  Bhugti  hills,  and  is  in  an  early  stage  of  wear. 
A part  of  the  anterior  side  has  been  broken  away,  and  also 
the  enamel  of  the  external  surface  of  the  first  outer  column. 
A comparison  of  this  specimen  with  the  upper  molar  of 
Anthracotherium  hyopotamoides  will  at  once  show  the  striking 
Fig,  l.  Hmvotwmus  JjBKrd  differences  between  the  external  surfaces  of  the  outer 
left  upper  true  molar.— Bhiigti  hiiis.  columns  of  the  two  specimens,  and  the  greater  production  of 
the  connecting  loop  in  the  tooth  under  consideration.  In  the  second  outer  column  of 


l The  difference  in  th'e  structure  of  the  enamel  in  these  two  specimens  is  not  shown  in  the  figure,  hut  is  well  exhibited  in 
the  excellent  casts  in  the  British  Museum.  2 See  Owen  ‘Quar.  Jour.  Geol.  Soc.,’  Vol.  IV.,  pi.  VII. 
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the  tooth  of  A.  hyopotamoides  fleft  side  of  figure ) the  middle  vertical  ridge  is  very- 
large  and  wide,  and  is  so  largely  developed  that  if  a rod  he  laid  on  the  external 
surface  of  this  column,  it  will  rest  on  this  median  ridge,  as  well  as  on  the  lateral 
borders  of  the  surface.  In  the  corresponding  part  of  the  tooth  under  consideration 
fright  side  of  woodeutj , the  median  ridge  is  greatly  depressed  below  the  plane  of  the 
lateral  borders  of  the  external  surface  of  the  column  : this  depression  is  so  extensive 
that  a rod  placed  as  before  will  be  raised  more  than  a third  of  an  inch  above  the 
median  ridge.  The  central  part  of  the  external  surface  of  the  first  column  is  similarly 
depressed  in  this  tooth,  and  elevated  in  the  tooth  of  A.  hyopotamoides , but  the  damaged 
condition  of  this  part  in  all  the  three  specimens  forbids  a closer  comparison.  The 
tooth  figured  in  the  woodcut  agrees  in  all  respects  with  the  specimen  represented  in 
plate  XXIV,  figure  3,  except  that  the  £ cingulum  ’ in  the  former  is  rather  less  fully 
developed  than  in  the  latter. 

The  foregoing  comparisons  lead  to  the  conclusion,  improbable  as  it  at  first  sight 
appears,  that  the  two  molars  last  described,  although  agreeing  in  size,  are  so  different 
from  the  molar  of  Anthracotherium  hyopotamoides  that  it  seems  difficult  to  refer  them  to 
the  same  species.  A comparison  of  these  two  teeth  with  the  tooth  represented  in 
plate  XXIII,  figure  4,  will,  moreover,  lead  to  the  conclusion  that  the  three  teeth 
belong  to  the  same  genus  of  animal,  and  as  it  was  shown  that  the  specimen  above- 
mentioned  could  not  be  separated  from  the  genus  Eyopotamus,  it  will  be  necessary  to 
refer,  provisionally,  the  two  larger  teeth  to  the  same  genus.  As  no  named  species 
has  teeth  as  large  as  these  specimens,  if  the  generic  determination  be  correct,  it  is 
clear  that  these  specimens  must  belong  to  a new  species,  for  which  the  name  of 
II.  gig anteus  is  proposed. 

The  close  similarity  existing  between  the  upper  molars  of  Eyopotamus  gig  anteus 
and  those  of  Anthracotherium  hyopotamoides , and  the  gradual  transition  in  respect  of 
the  character  of  the  teeth  thus  effected-  between  the  two  genera,  seems  to  render  it 
highly  probable  that  there  may  be  a similar  transition  in  respect  of  the  cranial 
characters,  and  that  eventually  the  two  genera  will  have  to  be  fused  together,  though 
it  has  not  been  considered  advisable  to  adopt  this  course  on  the  evidence  of  the 
present  inadequate  materials.  Should  this  course  be  eventually  considered  advisable 
the  older  name  Anthracotherium  must  stand  for  the  extended  genus,  and  the  family 
name  Anthracotheridce  entirely  replace  the  name  Eyopotamidce,  the  latter  course  having 
been  adopted  in  the  present  memoir.  The  transition  from  the  typical  form  of  one 
genus  to  that  of  the  other  is  exhibited  in  the  following  list,  which,  however,  does 
include  all  the  species. 

Anthracotherium  magnum  (type) 

. alsaticum. 

' — — silistrense.' 

— — cuvieri. 

hyopotamoides. 
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Hyopotamus  giganteus. 

palseindicus. 

americanus. 

gresslyi. 

(?)  vectianus. 

velaunus. 

bovinus  (type).1 

Mandible. — The  three  fragmentary  specimens  of  mandibles  of  hyopotamids  from 
the  Bhiigti  hills,  represented  in  plate  XXV.  of  this  memoir,  have  been  already 
partially  discussed  under  the  head  of  Antliracotherium  hyopotamoides ; the  specimen 
represented  in  figure  1 being  provisionally  referred  to  that  species,  and  that  in  figure 
3 being  considered  to  possibly  belong  to  the  same.  The  specimen  represented  in 
figure  2,  comprising  the  same  portion  as  that  represented  in  figure  1,  but  differing 
from  it  in  form,  is  provisionally  referred  to  the  present  species,  and  its  distinction 
from  the  mandible  assigned  to  Anthracotherium  hyopotamoides  will  now  be  pointed 
out.2  The  specimen  represented  in  figure  2 comprehends  the  hinder  portion  of  the 
right  ramus  of  the  mandible,  perfect  for  the  length  of  the  last  true  molar,  but  in 
front  only  showing  the  lower  half  of  the  ramus  for  a length  of  some  three  inches, 
and  posteriorly  the  anterior  part  of  the  surface  for  the  attachment  of  the  masseter 
muscle.  The  specimen  shows  the  half-worn  last  true  molar,  which  is  perfect,  with 
the  exception  of  a portion  of  the  enamel  of  the  third  barrel. 

The  tooth  in  this  jaw  cannot  be  distinguished  by  any  satisfactory  characters 
from  that  of  the  jaw  represented  in  figure  1,  but  the  differences  in  the  jaws  them- 
selves are  considerable,  and  will  now  be  pointed  out.  In  figure  1 the  whole  jaw  is 
deeper,  the  notch  on  the  inferior  border  more  distinctly  marked,  while  the  diminution 
in  depth  anteriorly,  as  far  as  can  be  judged  from  the  portion  remaining,  is  less  rapid 
than  in  figure  2.  Again,  in  figure  1 the  prominence  for  muscular  attachment  on  the 
anterior  border  of  the  masseteric  fossa  (seen  in  the  middle  of  the  curved  line  to  the  left 
of  the  figure) , is  placed  much  nearer  to  the  molar  than  in  figure  1 (seen  on  the  left  side 
of  the  inferior  border  of  the  figurej.  On  the  superior  aspect  the  portion  below  the 
hinder  part  of  the  molar,  on  the  outer  side,  forms  a more  distinctly  separate  surface 
in  figure  1 than  in  figure  2 : while  on  the  external  surface,  the  specimen  represented 
in  figure  1 is  much  more  curved  than  the  other.  Some  of  the  above  differences  are 

indicated  more  clearly  by  the  following  table  of  measurements. 

J & Fig.  1.  Fig.  2. 


Depth  at  second  column  of  molar 3'22  3-05 

„ ,,  first  ,,,,,, . 2-9 

Interval  between  prominence  on  anterior  border  of  masseteric  fossa  & molar  2-24  1 '7 

Greatest  thickness  1’5  1-56 

Length  of  molar 2 ’08 

Width  „ „ 1-2  1-19 


1 It  may  be  mentioned  that  a species  has  been  described  under  the  name  of  Hyopotamus  helveticus , Kiit,  from  the  miocene  of 
Switzerland,  which  is  probably  the  same  as  one  of  the  species  given  in  the  previous  list. 

2 When  these  specimens  were  figured  it  was  considered  that  they  belonged  to  the  same  species : if  the  present  view  as 
to  their  distinctness  had  be,en  then  entertained,  the  specimen  represented  in  figure  1 would  have  been  viewed  from  the  same 
aspect  as  that  in  figure  2.  The  reader  who  is  desirous  of  verifying  the  differences  pointed  out  here,  can  do  so  by  comparing 
the  casts  of  the  specimens  in  the  British  Museum. 
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Owing  to  tlie  imperfect  condition  of  the  specimens,  further  comparisons  are 
impracticable,  hut  the  differences  pointed  out  confirm  the  inferences  drawn  from  the 
upper  molars  as  to  the  former  existence  of  two  species  of  large  hyopotamids  in  the 
Bhugti  hills.  It  is  very  remarkable  that  in  one  small  spot  (for  all  the  remains  of 
these  forms  were  collected  by  Mr.  Blanford  in  one  day),  remains  of  two  such  highly 
interesting,  and  previously  totally  unknown  forms,  should  have  been  obtained,  and 
it  points  to  the  great  promise  of  these  districts  as  a future  field  of  research. 
Since,  however,  the  Bhugti  hills  are  beyond  the  British  frontier,  among  unruly 
tribes,  it  requires  special  arrangements  by  Government  to  enable  any  European 
visitor  to  travel  through  them,  and  it  is  hence  unlikely  that  any  scientific  person  will 
again  visit  them  for  a long  period.  The  locality  whence  most  of  Mr.  Blanford’s 
specimens  were  obtained  is  known  by  the  name  of  Gdndri. 

Group  B:  TETR  ACU8PID  ATI. 

Upper  molars  with  only  four  columns. 

Family  2. — MER  YCOPO  TAMID2E. 

Characters. — This  family  may  be  defined  as  selenodont  Suina  in  which  the  upper 
molars  have  only  four  columns,  while  the  mandible,  as  far  as  is  known,  is  furnished 
with  a large  descending  plate,  or  process,  at  the  angle  ; the  latter  character 
distinguishing  it  from  the  Oreodontidce. 

Genus  I : MERYCOPOTAMUS,1  Falconer  and  Cautley. 

As  this  and  most  of  the  succeeding  genera  are  each  represented  by  only  a single 
species,  the  generic  characters  are  the  same  as  those  of  the  species.2 

Species.  Merycopotamus  dissimilis.  Falconer  and  Cautley. 

Synonyms.  Hippopotamus  dissimilis.  F.  and  C. 

Merycopotamus  sivalensis.  F.  and  C. 

History. — In  the  year  1839,  Messrs.  Falconer  and  Cautley3  described  the  remains 
of  a pig-like  animal  from  the  sub-Himalayan  Siwaliks,  under  the  name  of 
Hippopotamus  dissimilis.  Subsequently  it  was  found  that  the  teeth  differed  so 
essentially  from  those  of  the  hippopotamus  that  a new  genus — Merycopotamus — was 
created  for  the  reception  of  this  form.  A fine  series  of  the  remains  are  figured 
under  the  latter  name  in  the  “ Fauna  Antiqua  Sivalensis,”4  most  of  which  are  now 
in  the  British  Museum.  There  is  also  a fine  series  in  the  Indian  Museum.  A notice 
of  the  osteology  of  this  remarkable  form  was  published  by  the  present  writer  in  the 

1 From  tnertix,  a ruminant,  and  potamos  a river. 

2 A second  species  of  Merycopotamu t is  mentioned  by  Dr.  Falconer,  but  cannot  be  identified. 

3 •*  Palaeontological  Memoirs,”  Vol.  I.,  pp.  130-138,  et.  seq.  t Plates  LXII.,  LVII.,  and  LVIII. 
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u Records  of  the  Geological  Survey  of  India  ” for  1876, 1 and  a supplement  to  the 
same  was  published  in  the  following  year.2  All  the  more  important  notices  of  this 
species  previously  published  are  recorded  in  those  papers,  and  as  no  additional 
remains  are  described  in  the  present  memoir  only  a summary  of  its  more  important 
characters  will  be  given. 

Characters . — As  far  as  can  be  determined  from  the  remains  known  to  us, 
Merycopotamus  dissimilis  was  probably  either  a pente — or  tetradactylate  pig-like 
animal  of  about  the  size  of  the  wild  boar.  Its  dentition  comprises,  as  far  as  is 
known,  the  complete  placental  mammalian  series.  The  canines  are  relatively 
large,  approximated  to  the  incisors,  but  separated  by  a long  1 diastema  ’ from  the 
premolars.  The  anterior  premolars  are  sharply  pointed  like  those  of  Antliracotherium 
and  Hippopotamus  : the  anterior  premolar  is  placed  close  to  the  succeeding  tooth,  a 
character  in  which  Merycopotamus  agrees  with  the  pig,  and  differs  from  the 
hippopotamus.  The  upper  true  molars,  of  which  there  is  an  excellent  figure  in 
plate  LXII.  figure  17  of  the  “Fauna  Antiqua  Sivalensis,”  3 are  selenodont  teeth  with 
four  distinct  columns,  and  with  a well-marked  ‘ cingulum  ’ on  their  inner  halves : 
their  enamel  is  coarsely  rugose.  The  external  surfaces  of  the  outer  columns  slope 
towards  the  centre  of  the  crown,  and  their  basal  angles  are  folded  over  their  centres, 
which  thus  become  concave  : a well-marked  ridge  occupies  the  median  line  of  each 
of  these  surfaces  : the  loop  connecting  these  surfaces  does  not  project  on  the  external 
surface  of  the  crown.  The  crowns  are  remarkably  low,  and  a rudely  cruciform 
valley,  open  to  the  bottom,  separates  the  four  columns ; — characters  by  which  the 
teeth  are  readily  distinguished  from  those  of  the  true  ruminants.  With  the 
exception  of  the  absence  of  the  fifth  lobe,  and  the  smaller  development  of  the  loop 
connecting  the  outer  columns,  the  teeth  present  a striking  resemblance  to  those  of 
Ilyopotamus  palceindicus  ; the  basal  angles  of  the  external  surfaces  of  the  outer 
columns  are,  however,  more  produced  in  the  former.  The  lower  molars  are  of  the 
general  type  of  those  of  the  selenodont  Suina. 

The  cranium  presents  a considerable  resemblance  to  that  of  the  hippopotamus, 
which  is,  perhaps  most  marked  in  the  occipital  region  fcompare  “ F.  A.  S .,”  plate  LX. 
fig.  4c,  and  plate  LXVIII.,  fig.  15/:  the  parietal  region  is,  however,  longer  and  more 
compressed,  the  orbits  less  prominent,  and  the  infraorbital  portion  longer  and  less 
expanded  at  its  extremity.  In  all  the  points  in  which  the  skull  of  Merycopotamus 
differs  from  that  of  the  hippopotamus,  it  agrees  with  the  skulls  of  the  Anthracotheridce 
and  the  true  pigs.  The  skull  is  shorter  than  the  skulls  of  those  species  of  Hyopotamus 
of  which  the  skull  is  known,  and  also  differs  by  the  presence  of  a distinct  larmial 
cavity.  The  most  striking  affinity  to  the  hippopotamus  is  displayed  by  the  form  of 

i Vol.  IX.,  p.  144,  et.  seq.,  on  page  153,  line  12  from  the  bottom,  the  words  R ippopotamidce  and  Anthracotheridce  should 
he  transposed.  2 Ibid  Vol.  X.,  p.  34. 

3 A woodcut  of  a singld  molar  is  given  in  Professor  Owen’s  memoir  on  Ilyopotamus , cited  above  ; another  figure  in  the 
“Odontography”  of  the  same  author,  (pi.  CXL.,  fig.  8);  and  a third  by  Professor  Gaudry.  (“  Les  Enchainements  du 
Monde  Animal,  etc.,”  p.  98,  fig.  124.) 
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the  mandible  fcompare  UF.  A.  S.fi  plate  LXI.,  fig.  6«,  and  plate  LXVII.,  fig.  4 J,  as  in 
both  genera  the  1 angle  ’ is  produced  into  a large  descending  plate,  preceded  by  a 
deep  notch  in  the  inferior  border  of  the  horizontal  ramus:  this  plate  and  notch  are, 
however,  developed  to  a smaller  extent  in  the  A nthracotheridce  (plate  XXIV.  figure  4). 

The  limb-bones  are  nearer  those  of  the  Anthracotheridce  than  those  of  the  hippo- 
potamus, as  is  well  exemplified  by  the  more  elongated  form  of  the  astragalus  ( compare 
UF.  A.  S.fi  plate  LX  VIII.,  figures  9 and  20);  and  by  the  separation  of  the  radius 
and  ulna,  and  their  much  more  elongated  form.  The  axis  vertebra,  of  which  there 
is  a specimen  in  the  Indian  Museum,  is  an  elongated  bone  like  that  of  Hyopotamus. 

Position  of  the  genus. — After  their  assignation  of  Merycopotamus  to  the  rank  of  a 
distinct  genus,  the  authors  of  the  “ Fauna  Antiqua  Sivalensis  ” still  referred  it  to  the 
family  Rippopotamidce,  a reference  which  has  been  upheld  by  several  later  writers.1 
The  intimate  resemblance  of  the  molars  to  those  of  the  Anthracotheridce,  and  Oreodontidae, 
leaves,  however,  little  doubt  but  that  the  true  position  of  the  genus  is  in  immediate 
juxtaposition  to  those  families  : the  form  of  the  mandible  indicates,  on  the  other 
hand,  a distant  cousinship  with  the  hippopotamus. 

Distribution. — Remains  of  this  species  have  hitherto  been  obtained  only  from  the 
Siwaliks  of  Burma  and  the  sub-Himalaya  ; the  statements  of  their  alleged  occurrence 
in  the  Manchhars  of  Sind  having  been  founded  on  bones  belonging  probably  to 
allied  genera. 

Genus  II:  CHCEROMERYX,2  Pomel. 

Species  : Chceromeryx  silistrensis.  (Pentland),  in  parte. 

Synonym.  Anthracotherium  silistrense.  Pentland,  in  parte. 

History  and  general  characters, — This  genus  and  species  is  only  known  by  the 
one  fragment  of  a maxilla  with  three  molars,  obtained  from  the  Garo  hills,  and 
described  by  Mr.  Pentland,  in  the  memoir  quoted  above,  together  with  other  remains, 
under  the  name  of  Anthracotherium  silistrense.  As  already  stated  in  the  notice  of  that 
species,  all  these  remains  were  referred,  in  1848,  by  M.  Pomel  to  a new  genus  under 
the  name  of  Glioeromeryx , while  it  was  subsequently  shown  by  the  present  writer  that 
this  title  should  be  confined  to  the  one  maxilla  in  which  the  molars  are  four-columned 
selenodont  teeth.  It  has  not  been  found  possible  to  discover  where  this  maxilla  now 
is,  but  as  a fair  figure  of  it  is  given  in  Mr.  Pentland’ s memoir,3  and  an  excellent  one 
in  the  “ Fauna  Antiqua  Sivalensis,”  (plate  LXVIII.,  figures  22  and  22a),  there  is  no 
difficulty  in  determining  its  affinities.  There  is  a cast  of  the  specimen  in  the  Indian 
Museum. 

Upper  molars. — The  above  mentioned  maxilla,  as  is  shown  by  the  figures, 
contains  three  teeth,  and  belongs  to  the  left  side  of  the  skull.  The  teeth  are  but 
slightly  abraded  by  wear,  and  are,  respectively,  the  last  premolar  (left  side  of  figure) 


1 See  Huxley,  “Anatomy  of  Vertetrated  Animals,”  1st  ed.,  p.  375. 
3 “ Trans.  Geol.  Soc.,”  Ser.  2.,  Vol.  II.,  pi.,  XLV.,  figs.  2 and  3. 


2 Erom  choiros,  a pig,  and  merux. 


167—26  INDIAN  TERTIARY  AND  POST-TERTIARY  YERTEBRATA. 


and  tlie  first  and  second  true  molars  : the  first  true  molar  is  considerably  smaller 
than  the  second  : the  largest  tooth  is  about  half-an-inch  in  length,  and  four-and-a-half 
tenths  in  width.  Each  of  the  true  molars  carries  four  distinct  columns,  the  summits 
of  the  inner  pair  forming  complete  crescents  : there  is  a wide  1 cingulum 5 on  the 
inner  side.  The  external  walls  of  the  outer  columns  are  more  nearly  perpendicular 
than  in  Merycopotamus , the  angles  of  their  bases  less  produced  and  the  median  ridges 
less  developed.  There  is  a more  distinct  loop  connecting  the  external  surfaces  of 
these  columns  ; but  this  is  flattened  externally,  and  overlaps  each  column. 

There  can  be  little,  if  any,  doubt  but  that  these  teeth  are  generically  distinct 
from  Merycopotamus , though  they  probably  belong  to  the  same  family. 

These  teeth  also  present  considerable  resemblance  to  a tooth  figured  by  Dr. 
W.  Kowalevsky  as  belonging  to  a form  intermediate  between  Byopotamus  and 
Dichodon.1  The  latter  tooth  which  has  four  lobes  and  a prominent  connecting 
loop,  has,  however,  a more  truly  ruminant  structure,  which  is  still  more  developed 
in  Dichodon 2 itself. 

Genus  III  : HEMIMERYX,3  n.  gen.  nobis. 

Species : Hemimeryx  blanfordi.  n.  sp.:  nobis. 

History. — Unsatisfactory  as  it  is  to  form  a new  genus  of  animals  merely  on  the 
evidence  of  a single  tooth,  still  there  are  certain  cases  where  there  seems  no  satisfac- 
tory alternative  but  to  adopt  this  proceeding  ; and  the  present  and  following 
instances  are  cases  in  point.  In  both  of  these  instances  a single  upper  molar  is  before 
us,  which  cannot  at  present  be  identified  with  the  molars  of  any  described  genus,  and 
we  have  accordingly  either  to  give  these  teeth  new  generic  names,  or  to  suffer  the 
inconvenience  of  here  and  elsewhere  alluding  to  them,  without  any  distinctive  title 
or  means  of  identification.  Under  these  circumstances  the  former  alternative,  as 
being  the  least  objectionable  of  the  two,  has  been  adopted. 

In  the  “Records”  for  1877, 4 an  upper  molar  tooth  obtained  by  Mr.  W.  T. 
Blanford  from  the  lower  Manclihars  of  Sind  was  briefly  noticed,  and  considered  to 
belong  to  a new  genus  of  merycopotamid.  In  the  following  year5  two  other 
fragments  of  similar  upper  molars,  and  a lower  molar  considered  as  probably  belonging 
to  the  same  species  (all  obtained  from  the  lower  Manchhar  rocks)  were  also  noticed, 
and  the  generic  term  Hemimeryx  was  proposed  for  their  receptioxi.  The  best  of  the 
above  mentioned  specimens  are  now  for  the  first  time  figured,  and  are  designated  by 
the  foregoing  generic  title,  with  the  specific  name  of  blanfordi , after  the  discoverer  of 
the  first  specimen. 

Upper  molar. — In  figures  5 and  8,  of  plate  XXIII.  of  this  memoir,  the  original 
upper  molar  noticed  above  is  represented.  Figure  5 gives  a view  of  the  masticating 
surface,  while  in  figure  8 the  external  aspect  has  been  portrayed,  but  it  unfortunately 

l ‘ Pliil.  Traas.’  loc.  cil.,  pi.  XXXIX.,  fig.  15.  2 Owen,  loc.  cit.,  pi.  IV.,  fig.  3.  3 From  Hemi,  half,  and  merux. 

i Vol.  X.,  p.  7t>.  6 “ R.  b.  S.  I.,”  Vol.  XI.,  ppi  79-80. 
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happens  that  the  specimen  has  been  turned  upside  down,  so  that  to  see  the  tooth 
in  its  natural  position  the  plate  must  likewise  be  reversed.  The  specimen  is  complete 
with  the  exception  of  the  extremities  of  the  ‘fangs,’  and  is  a true  molar  (possibly 
the  last)  belonging  to  the  left  side : the  tips  of  the  columns  are  but  slightly  abraded 
by  wear.  The  crown  carries  four  crescentoid  columns  on  the  masticating  surface, 
relatively  higher  than  those  of  Merycopotamus.  The  general  form  of  these  columns  is 
much  the  same  in  the  two  genera,  with  the  important  exceptions  that  in  the  postero- 
external column  {right  upper  angle  of  figure ) the  outer  surface  is  simply  concave  without 
any  median  ridge,  while  the  corresponding  surface  of  the  antero-external  column 
( left  upper  angle  of  figure')  has  the  median  ridge,  though  present,  much  more  faintly 
developed  than  in  Merycopotamus.  The  loop  between  the  two  external  columns  is 
much  more  developed  than  in  that  genus,  projecting  beyond  the  outer  border  of  the 
crown.  The  antero-internal  column  ( left  lower  angle  of  figure)  is  greatly  developed 
at  its  anterior,  and  incompletely  at  its  posterior  side.  As  in  Merycopotamus  there  is  a 
distinct  \ cingulum  ’ on  three,  sides  of  the  base  of  the  crown.  The  size  of  the  tooth 
is  about  the  same  as  that  of  large  individuals  of  the  latter  genus  ; its  dimensions  are 
as  follows : vis. — length,  T13  inches;  breadth,  IT  inches  ; height,  081  inch. 

The  tooth  is  distinguished  from  the  molars  of  Ghoeromeryx  by  the  oblique 
direction  of  the  external  surfaces  of  the  outer  columns,  by  the  incompleteness  of  the 
1 crescents  ’ of  the  inner  columns,  and  by  the  form  of  the  loop  connecting  the  outer 
columns.  The  resemblance  between  the  tooth  and  the  molars  of  Merycopotamus  and 
Ghoeromeryx  is,  however,  sufficiently  strong  to  render  it  probable  that  it  belongs  to 
the  same  family.  It  does  not  appear  to  come  as  near  to  the  molars  of  any  other 
genus  as  to  those  of  Ghoeromeryx  and  Merycopotamus , from  which,  however,  it  is  most 
markedly  distinct.  In  the  points  in  which  it  differs  from  the  latter  genus  it 
approximates  to  the  molars  of  the  Anoplotheridce  and  the  true  ruminants.  It  has, 
indeed,  a very  marked  superficial  resemblance  to  the  upper  molars  of  Anoplotlierium 
commune , especially  noticeable  in  the  incompleteness  of  the  crescent  formed  by  the 
hist  inner  column,  which  thus  makes  an  approach  to  the  separation  of  this  column 
into  two  distinct  portions,  as  is  the  case  in  Anoplotlierium.  The  molar  of  Kemimeryx 
is,  however,  readily  distinguished  from  that  of  Anoplotlierium  by  the  absence  of  the 
isolated  pillar  on  the  hinder  side  of  the  first  inner  column,  as  well  as  by  the  greater 
lateral  curvature  and  obliquity  of  the  external  surfaces  of  the  outer  columns,  and 
by  the  incompleteness  of  the  horse-shoe-like  connecting  loop. 

Lower  molar. — In  figure  1 of  plate  XXIII.  there  is  represented  a nearly  complete 
left  lower  molar,  from  the  lower  Manchhar  rocks,  evidently  belonging  to  some  species 
of  selenodont  pig,  and  from  its  size  provisionally  referred  to  the  present  species  : it 
is  the  specimen  alluded  to  on  page  79  of  the  Xlth  volume  of  the  “ Records.”  The 
tooth  is  in  a very  early  stage  of  wear,  the  outer  columns  being  scarcely  touched  : the 
two  hinder  columns  are  somewhat  broken.  It  is  distinguished  from  the  lower  molars 
of  Merycopotamus  by  the  crown  being  lower,  by  the  transverse  valley  being  nearly 
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blocked,  instead  of  freely  open,  on  the  inner  side,  and  by  the  inner  columns  being 
flatter  and  less  completely  conical ; this  flatness  is  especially  noticeable  on  the  inner 
side.  The  specimen  more  nearly  resembles  the  lower  molar  referred  to  Hyopotamus 
palceindicus  (pi.  XXIII,  figure  3 ; this  figure  is  viewed  more  from  the  external  aspect  than 
figure  1),  but  is  distinguished  by  the  columns  being  much  narrower  and  sharper,  and 
the  median  valley  narrower  and  deeper  : there  is  also  a more  distinct  1 cingulum  ’ on 
the  anterior  aspect.  The  dimensions  of  the  specimen  are  as  follows  : — 


In. 

Length  (of  two  columns) . . . 0'9 

Width 0-6 

Hight  of  antero-internal  column 0-5 


Distribution. — No  other  remains  have  hitherto  been  discovered  which  can  be 
referred  to  this  species,  which  is  thus  confined  to  Sind.  It  is  much  to  be  hoped  that 
other  remains  may  eventually  be  discovered,  which  will  further  elucidate  the 
affinities  of  this  and  the  following  interesting  forms. 

Genus  IY : SIYAMERYX,1  n.  gen.  nobis. 

Species  : Sivameryx  sindiensis.  nobis. 

Upper  molar. — In  figure  11  of  plate  XXIII  there  is  represented,  from  the 
masticating  surface,  the  single  upper  molar  on  which  this  genus  is  founded,  the  only 
previous  notice  of  which  will  be  found  on  page  80  of  the  Xlth  volume  of  the 
“Records,”  where  the  name  was  proposed.  The  tooth  is  an  almost  unworn  specimen 
from  the  right  maxilla,  and  was  obtained  by  Mr.  F.  Fedden  from  the  lower 
Manchhars  of  Sind : it  is  quite  perfect.  An  inspection  of  the  figure  will  show  that 
the  tooth  clearly  belongs  to  the  present  group  of  animals,  viz. — tetracuspidate 
selenodont  pigs.  There  is,  however,  in  the  structure  of  the  tooth  an  approach  to 
the  molars  of  the  pentecuspidate  group  which  lias  not  been  observed  in  any  other 
genus ; it  also  makes  a further  step  in  the  direction  of  the  more  generalised  forms  of 
the  true  ruminants,  than  the  molar  of  Hemimeryx , but  still  preserves  the  open  valleys, 
and  the  complete  union  of  the  bases  of  the  outer  columns,  characteristic  of  the 
selenodont  pigs.  On  the  anterior  side  of  the  specimen  ( right  side  of  figure ) the  ridge 
leading  from  the  inner  column  carries,  near  the  transverse  valley,  a small  triangular 
process  ( not  very  clearly  shown  in  the  figure'),  touched  by  wear  before  the  inner  column, 
and  evidently  the  representative  of  the  fifth  column  of  the  A n thraco  theridm . The 
two  inner  columns  are  more  developed  on  the  side  of  the  middle  valley  than  in  the 
allied  genera : there  is  a well-marked  crenulated  1 cingulum  ’ on  three  sides.  Without 
further  describing  the  tooth  in  detail,  it  will  suffice  to  point  out  in  what  respects,  in 
addition  to  the  presence  of  the  rudimentary  fifth  column,  it  differs  from  the  molars 
of  the  allied  genera.  The  tooth,  except  in  the  absence  of  the  fifth  column,  presents 
some  resemblance  to  the  molars  of  Hyopotamus  crispus ,2  and  may  have  belonged  to 

1 Erom  Siva  (or  properly  Shiva)  the  Hindu  deity  whose  name  forms  the  root  of  the'word  Siwaliks  (Sivaliks),  and  merux. 

2 Gervais,  “Zoologie  et.  Paleontologie  Francises,”  2nd  ed.,  pis.  XXII.,  fig.  7 : XXXII.,  fig.  9. 
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an  animal  connecting  that  somewhat  abnormal  form  with  the  tetracuspidate  selenodont 
Suina : it  is,  however,  distinguished  by  the  form  of  the  external  surfaces  of  the 
outer  columns.  Irrespective  of  its  considerably  smaller  dimensions,  the  tooth 
differs  from  the  upper  molar  of  Hemimeryx  (plate  XXIII,  figure  5),  by  the  much 
greater  development  of  the  vertical  ridges  on  the  external  surfaces  of  the  outer 
columns ; by  which  means  the  external  surface  of  the  second  outer  column  ( left-hand 
top  corner  of  figure  11)  has  its  middle  line  as  high  as  its  right  side,  whereas  in 
Hemimeryx  the  corresponding  surface  (: right-hand  top  corner  of  figure  5)  is  most  markedly 
concave.  The  antero-internal  lobe  is,  moreover,  considerably  more  complex  than  in 
Hemimeryx. 

From  the  molars  of  Merycopotamus,  the  tooth  before  us  differs  very  widely, 
not  only  in  size,  but  also  in  structure.  The  outer  columns  have  their  external  surfaces 
placed  less  obliquely  to  the  vertical  axis  of  the  crown,  and  their  lateral  borders  are 
not  so  much  produced  above  the  middle  line.  The  loop  connecting  the  outer  columns 
is  relatively  larger  and  more  compressed  laterally  : the  external  surfaces  of  the  outer 
columns  are  wider,  and  so-to-speak,  less  squeezed  together. 

The  tooth  is  larger  than  the  molars  of  Cliceromeryx  and  differs  by  having  the 
valleys  wider  and  more  open,  by  the  more  compressed  form,  and  less  outward 
development  of  the  loop  connecting  the  outer  columns,  and  also  by  the  form  of  the 
external  surfaces  of  the  outer  columns,  as  can  be  seen  by  a comparison  of  the 
figures.  The  specimen  makes  some  approach  to  the  molars  of  Dicrocerus,1  but  is 
distinguished  by  the  incompleteness  of  the  inner  ‘ crescents,’  by  the  outward 
extension  of  the  transverse  valley,  and  by  the  longitudinal  valley  being  quite  open. 

The  tooth  before  us  does  not  seem  to  approach  to  any  other  described  form,  and  it 
seems,  therefore,  necessary  to  refer  it  provisionally  to  a new  genus,  for  which  the 
above  title,  with  the  specific  name  of  sindiensis  may  be  adopted. 

Other  remains. — As  is  mentioned  in  the  “ Records,”2  Mr.  Fedden  has  also 
obtained  a lower  molar,  and  the  hinder  portion  of  a cranium  of  a small  animal  allied 
to  Merycopotamus , which  may  not  improbably  belong  to  the  present  species : both 
specimens  came  from  the  lower  Manchhars  of  Sind.  The  tooth  is  of  much  the  same 
form  as  the  specimen  represented  in  plate  XXIII,  figure  1 , but  is  of  smaller  size  : it 
does  not  present  any  characters  of  generic  value,  and,  therefore,  is  not  figured.  The 
portion  of  the  cranium  comprises  only  the  cerebral  box,  and  as  it  has  been  much 
rolled  and  otherwise  damaged,  it  has  not  been  figured.  It  agrees  in  relative  size 
with  the  upper  molar,  and  as  far  as  can  be  determined,  presents  a general  resemblance 
to  the  skull  of  Merycopotamus ; the  cerebral  box  is,  however,  more  compressed  laterally. . 
Further  comparisons  are  impossible  owing  to  the  imperfect  condition  of  the  specimen. 


l “ Les  Enchainements  du  Monde  Animal,  etc.,”  p.  97,  fig-.  120. 


2 Vol.  51,  pi.  80. 
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Family  3. — 0RE0D0NTID2E. 

Characters . — This  family,  taken  here  as  comprehending  the  genera  Oreodon, 
Eporeodon,  Agriochcerus  and  Merycochoerus , is  distinguished  from  the  last  by  the  mandible 
lacking  the  characteristic  descending  plate  at  the  ‘ angle,’  and  by  the  nearer  approach 
in  the  plan  of  structure  of  the  molars  to  the  true  ruminants.  The  family  has 
hitherto  been  recorded  only  from  the  tertiaries  of  north  America,  but  the  molar 
tooth  described  below  would  seem  to  indicate  that  it  formerly  existed  in  north- 
western India.  It  will  be  remembered  that  in  the  previous  volume  of  this  work,1  it 
was  pointed  out  that  the  lower  molars  of  the  extinct  Siwalik  camel  present  a 
remarkable  affinity  to  those  of  the  American  cameloid  Auchenia , and  since  the 
oreodons  are  considered  to  be  intimately  connected  with  the  tertiary  ancestors 
( Procamelus , etc.,)  of  the  modern  camels,  it  is  a fact  of  much  interest  to  find  that  the 
Siwalik  camel  lived  in  a country  which  had  also  a representative  of  the  oreodons 
and  agriochseres. 

Genus  AGRIOCHCERUS,2  Leidy. 

As  the  reference  of  the  molar  described  below  to  this  genus  is  merely  provisional, 
the  generic  characters  are  not  given.  The  genus  is  stated  to  have  relationship  with 
Hyopotamus. 

Species,  non.  det. 

Upper  molar. — The  specimen  provisionally  referred  to  the  above  genus  is  an, 
unfortunately  incomplete,  upper  molar  ; it  is  represented  from  the  masticating  surface 
in  figure  2,  of  plate  XXIII,  and  will  be  seen  to  belong  to  the  left  side  of  the 
cranium.  This  tooth  has  been  scarcely  affected  by  wear,  but  has  lost  a part  of  its 
postero-internal  column,  as'  well  as  the  external  walls  of  both  the  outer  columns. 
It  was  collected  in  1878,  by  Mr.  F.  Fedden,  in  the  lower  Manchhars  of  the  L&ki 
TIills  of  Sind. 

The  crown  carries  only  four  columns  without  the  slightest  trace  of  the  fifth 
accessory  column.  The  inner  columns  are  stout  and  low;  rounded  and  conical  on 
their  inner,  and  regularly  crescentic  on  their  outer  sides  : they  are  more  symmetrical 
than  those  of  any  of  the  previously  described  genera.  The  median  longitudinal 
valley  is  deeper  and  more  distinct  than  in  the  preceding  genera,  whereby  the  outer 
columns  are  more  widely  separated  from  the  inner,  and  are  not  thrust  within  their 
crescents.  The  two  outer  columns  are  closely  approximated  at  their  bases,  so  that 
there  could  not  have  been  a wide  transverse  valley  terminating  externally  in  a 
projecting  loop.  The  external  surfaces  of  the  outer  columns  were  probably  nearly 
vertical,  and  not  produced  at  their  angles,  as  in  the  preceding  genera.  There  is  a 

1 p.  61.  2 From,  agrios,  wild,  and  choiros,  a pig.  This  genus  is  generally,  as  here,  classed  with  the  Oreodonlidce 

(see  Nicholson’s  “Palaeontology,”  2nd  ed.,  p.  352),  hut  Professor  Leidy  is  inclined  to  refer  it  to  a distinct  family,  (see 
“ Contributions  to  Extinct  Vertebrate  Fauna  of  Western  Territories,”  p.  216.) 
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well-defined  ‘ cingulum  ’ on  tlie  internal  surface  of  the  one  complete  inner  column 
which  now  remains.  The  length  of  the  specimen  is  058  inch,  and  the  height  of  its 
outer  column  O’ 34  inch. 

Comparisons. — There  can  be  no  question  as  to  the  generic  distinctness  of  the 
tooth  under  consideration  from  the  molars  of  the  other  Siwalik  selenodont  pig-like 
animals  ; neither  can  it  be  identified  with  those  of  any  European  representative  of 
the  same  group.  Turning,  however,  to  the  American  Oreodontidce,  the  tooth  will  be 
found  to  resemble  very  closely  in  general  structure  the  molars  of  the  genera  Oreodon,1 
Eporeodon,  Agriochoerus,  and  Merycochcerus?  A comparison  of- the  specimen  with  the 
admirable  figures  of  the  molars  of  these  genera  given  by  the  transatlantic 
palaeontologists,  as  well  as  with  actual  specimens  and  casts  in  the  British  Museum, 
has  shown  that  the  resemblance  is  so  close  that  there  seems  no  doubt  but  that  the 
Indian  specimen  should  fie  referred  to  some  member  of  the  same  family.  The 
molars  of  Oreodon  ( Eporeodon ) major  seem,  except  in  the  matter  of  size,  to  come  very 
close  to  the  Indian  tooth : the  form  of  the  ‘ cingulum  ’ and  inner  columns  being 
strikingly  similar  in  both.  In  the  matter  of  size,  the  Indian  specimen  comes  nearer 
to  the  molars  of  0.  culbertsoni ,3  but  in  those  teeth  the  valleys  are  less  completely  open*_ 
The  nearest  approach  to  the  Indian  tooth  seems,  however,  to  be  made  by  the  teeth  of 
Agriochoerus  latifrons.  If  the  figure  given  in  this  memoir  be  compared  with  the  very 
excellent  woodcut  of  an  upper  molar  of  the  latter  species,  given  (after  Professor 
Leidy)  by  Professor  Gaudry,  on  page  98  of  the  oft-quoted  “ Enchainements  du 
Monde  Animal,”  it  will  be  seen  that  (as  far  as  the  imperfect  condition  of  the  Indian 
tooth  will  permit  of  comparison,)  there  is  an  almost,  if  not  complete,  identity 
between  the  two  specimens,  and  they  might  very  readily  be  taken  for  the  teeth  of 
the  same  species.  The  absence  of  the  external  surface  of  the  Indian  tooth  renders  it 
uncertain  whether  the  form  of  this  part  would  be  precisely  the  same  as  the  American 
tooth,  and  as  there  appears  to  be  some  difficulty  in  always  distinguishing  isolated 
teeth  of  Agriochoerus , Oreodon  and  Mcrgcochcerus,  it  would  not  be  safe  to  identify  the 
Indian  tooth  with  A.  latifrons , though  it  would  be  unwise  to  say  that  it  might  not 
belong  to  that  species.  It  seems,  however,  certain,  as  already  said,  that  the  tooth 
belongs  to  the  Oreodontidce , and  it  is  accordingly  provisionally  referred  to  the  genus 
Agriochoerus , with  the  possibility  of  its  belonging  to  the  American  species  A.  latifrons. 
With  this  possibility  in  view  no  specific  name  is  assigned  to  the  Indian  tooth,  and  it 
must  also  be  borne  in  mind  that  there  is  a further  possibility  that  the  generic 
determination  may  eventually  be  proved  incorrect,  though  this  is  improbable. 


1 Leidy  loe.  cit.,  pi.  VII.,  fig.  7 to  12. 


2 Ibid,  figs.  1 to  6. 


Ibid,  fig.  12. 
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Section:  RUMINANTIA. 

? Family. — PAL2E0MER  YCIDAE. 

Genus  : Propaoeomeryx  n.  gen.  nobis. 

As  this  provisional  genus  is  founded  on  a single  molar,  its  characters  may  be 
gathered  from  the  following  description  of  that  specimen. 

Species  : Propal^eomeryx  sivalensis,  nobis. 

Upper  molar. — In  a paper  by  the  writer,  styled  a u Sketch  of  the  History  of  the 
Fossil  Yertebrata  of  India,”1  it  is  stated  that  “ a single  molar  in  the  Indian  Museum 
seems  to  indicate  a Siwalik  representative  of  the  genus  Faloeomeryx The  specimen 
on  which  this  statement  rests  is  figured  in  the  accompanying  woodcut : 
it  cannot  be  said  that  it  properly  belongs  to  the  subject  of  the  present 
fasciculus,  but  it  does  not  come  very  inappropriately  after  the  more 
ruminant-like  Suina,  and  as  it  has  some  connection  with  teeth  described 
in  the  preceding  fasciculus,  it  has  been  found  convenient  not  to  postpone 
Pig. 2.  Propaiceomeryx  its  description.  The  specimen2  is  from  the  sub-Himalayan  Siwaliks, 
sivalensis •;  left  upper  anq  was  formerly  in  the  Rurki  Museum,  whence  it  was  transferred 

true  molar— Siwaliks 

—near  Rurki.  by  exchange  to  the  Indian  Museum. 

The  specimen  is  a perfect  upper  molar  of  the  left  side,  in  an  intermediate  stage 
of  detrition.  The  figure  will  at  once  show  that  it  belongs  to  a member  of  the  true 
ruminant  section,  although  the  lowness  of  the  crown,  and  the  width  and  shallowness 
of  the  central  1 pits  ’ indicate  that  it  belongs  to  one  of  the  primitive  and  little 
specialised  members  of  that  section.  The  structure  of  the  enamel,  which  is  faintly 
rugose,  and  the  oblique  position  of  the  external  walls  of  the  1 lobes,’  indicate 
affinity  with  the  Camelopardalidce , Cervidce,  and  their  allies. 

The  ‘ crescents  ’ are  separated  far  down  into  the  crown,  and  the  first  of  these 
(left  side  of  figure)  is  unsymmetrical,  being  produced  on  its  anterior  side.  The 
external  walls  of  the  ‘ lobes’  are  set  more  nearly  in  the  same  line  than  in 
Camelopardalis  (plate  XYI  of  preceding  part,  figs.  1 and  2),  which  character,  together 
with  the  finer  structure  of  the  enamel,  and  the  imperfect  ‘ cingulum  ’ which  is  seen 
on  the  anterior  ■ crescent,’  distinguishes  the  tooth  from  the  molars  of  the  last  named 
genus.  There  is  no  trace  of  any  tubercle  at  the  entrance  to  the  median  transverse 
valley.  There  is  a distinct  ‘ costa  ’ on  the  outer  surface  of  the  anterior  ‘ lobe,’  but 
none  can  be  detected  on  the  posterior  ‘ lobe.’ 

The  tooth,  as  already  said,  certainly  does  not  belong  to  Camelopardalis , neither 
does  it  belong  to  Orasius  of  Wagner.  The  crown  seems  too  low  and  the  central  ‘ pits  ’ 
too  shallow  for  it  to  have  belonged  to  any  of  the  true  Cervidce. 

On  the  whole  the  specimen  appears  to  come  nearest  to  the  upper  molars  of 
Falceomeryx  bojani 3 pf  the  European  miocene.  There  are  no  specimens  of  the  molars 

1 ‘ J.  A.  S.  B.,’  Vol.  XLIX,  pi.  2,  p.  28.  2 No.  B.  337,  Ind  Mus. 

3 H.  von.  Meyer,  “Fossile  Zahne  von  Georgensmiind,”  1831,  pi.  IX.,  fig.  75 : pi.  X,  fig.  79. 


33—174 


SIWALIK  SELENODONT  SUINA,  ETC. 

of  this  form  in  the  British  Museum,  but  by  the  courtesy  of  Professor  Gfaudry  an 
opportunity  has  been  afforded  of  comparing  the  Indian  tooth  with  a specimen  of  the 
upper  molar  series  of  that  species  from  Sansan,  in  the  Paris  Museum  (No.  5954).  The 
Sansan  teeth  are  much  less  worn  than  the  Indian  tooth,  but  allowing  for  this  difference, 
there  is  a very  close  general  resemblance  between  the  two  specimens.  The  Sansan 
teeth  are,  however,  distinguished  by  having  the  ‘ costae  ’ on  their  external  surfaces, 
more  prominently  developed,  by  the  presence  of  a distinct  £ cingulum,’  and  a large 
tubercle  at  the  entrance  of  the  median  transverse  valley.  The  central  pits  seem 
rather  wider  and  shallower.  In  the  structure  of  the  enamel,  and  in  size,  the 
specimens  are  very  similar. 

Another  European  species,  P.  eminens j from  the  pliocene  of  CEningen,  is  of 
nearly  the  same  size  as  the  Indian  tooth,  but  is  apparently  only  known  by  the 
mandible. 

There  can  be  no  question  that  the  Indian  tooth  is'  not  specifically  the  same  as 
Palceomeryx  lojani ; and,  taking  into  consideration  the  small  differences  in  the  molar 
teeth  of  ruminants  which  are  of  generic  value,  it  seems  highly  probable  that  it 
should  be  referred  to  another  genus.  Its  general  resemblance  to  Palceomeryx  is, 
however,  so  great  that  it  almost  certainly  belongs  to  some  closely  allied  form,  and  as 
it  cannot  be  identified  with  any  other  known  genus,  the  provisional  generic  name  of 
Propalceomeryx  is  proposed  for  its  reception,  with  the  specific  affix  of  sivalensis. 

Lower  molar  ? — It  is  just  possible  that  the  last  lower  molar  represented  in  figure 
6 of  plate  XVI  of  this  volume,  and  referred  to  Camelopardalis  sivalensis , together  with 
a similar  specimen  described  in  the  text,  may  belong  to  the  present  species,  the 
resemblance  of  the  Indian  upper  molar  and  the  upper  molars  of  Palceomeryx  lojani  to 
those  of  Camelopardalis  being  so  great,  that  it  is  very  probable  there  might  be 
considerable  difficulty  in  always  separating  the  lower  molars  of  these  forms. 

Judging  from  the  teeth  alone,  it  is  probable  that  the  larger  species  of  Palceomeryx 
and  the  new  genus  Propalceomeryx  were  close  links  between  Camelopardalis  and  the 
true  Cervidce.  If  the  1 costae  ’ of  the  molars  of  Palceomeryx  lojani  were  slightly  less 
developed,  the  ‘ cingulum  ’ and  tubercles  suppressed,  the  £ pits  ’ a little  deeper,  and 
the  enamel  a little  more  rugose,  it  would  be  very  difficult  to  distinguish  them  from 
those  of  Camelopardalis. 


Meyer,  “ Palaontographica,”  Vol.  II,  p.  78,  pi.  XIII,  fig.  5. 
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Addendum. 
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Anthracotlierium,  vis.  A.  valdense,  Kow.,  and  A.  laharpi,  Renev.:  they  are  probably 
synonyms  of  the  species  given  in  the  list  on  pages  7-8.1 


1 See  0.  Heer,  “ Dio  Urwclt  der  Schweiz,”  2nd  ed.,  p.  713. 
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Addendum  to  Anthracotherium. 

Third  Siwalilc  species. — Since  the  text  was  printed  another  fragment  of  the 
mandible  of  an  anthracotheroid,  obtained  by  Mr. 
Blanford  from  the  lower  Siwaliks  (Manchhars)  of 
Dera  Biigti,  N.E.  Baluchistan,  has  come  into  the 
writer’s  hands,  and  is  figured  in  the  accompanying 
woodcut.  It  belongs  to  the  left  side  of  the  jaw, 
and  shows  m.  3 in  a much  worn  condition.  The 
specimen  differs  from  either,  of  the  mandibles 
represented  in  plate  XXV.  by  its  larger  size,  and 
by  the  form  of  the  inferior  border  ; which  below 
m73  is  straight,  instead  of  being  convex  with  a notch  below  the  third  lobe  of  the 
tooth.  The  present  specimen  was  apparently  furnished  with  a descending  expansion 
behind  roTJ.  These  differences  are  so  important  as  to  leave  no  doubt  that  the 
specimen  is  specifically  distinct  from  either  of  the  other  mandibles. 

Compared  with  A.  magnum  and  A.  hippoideum,1  it  will  be  found  that  the  inferior 
border  of  the  present  specimen  is  very  similar  to  the  same  part  in  those  species. 

i Riitimeyer,  ‘Nov.  Mem.  Soc.  Hel.,’  vol.  XV.,  pi.  I 


mandible ; Dera  Biigti  (Indian  Museum, 
No.  B.  432).  a 
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While,  however,  the  mandible  of  A.  hippoideum  is  smaller,  one  of  A.  magnum  figured 
by  Prof.  Owen1  and  De  Blainville2  has  almost  precisely  the  same  dimensions  as  [the 
present  specimen ; while  a comparison  of  the  latter  with  a cast  of  the  former  has 
shown  that  no  points  of  distinction  can  be  drawn  between  them.  Other  specimens 
of  A.  magnum  are,  however,  somewhat  larger.  As  the  present  specimen  is  too  large 
to  have  belonged  to  either  of  the  anthracotheroids  of  which  the  upper  molars  are 
figured  in  plate  XXIY.  (to  which  the  mandibles  figured  in  plate  XXV.  are  provision- 
ally referred),  it  seems  to  indicate  a new  Indian  species  of  the  group.  Its 
resemblance  to  A.  magnum  is  so  close  as  to  render  it  certain  that  it  belongs  to  that 
genus,  and  possibly  to  that  species,  although  the  specimen  is  too  imperfect  to  decide 
the  latter  point.  The  dimensions  of  the  specimen  are  as  follows,  viz. : — 

Depth  at  third  lobe  of  m.  3 . . . 2'7  Length  of  m.  3 . . 2'7 

,,  ,,  first  „ „ ,,  „ . . 2-7  Width  ,,  ,,  ,,  . 1-33 

It  may  be  added  that  the  mandibles  figured  in  plate  XXY.  indicate  forms  not  closely 
allied  to  A.  magnum  or  A.  hippoideum.  The  range  in  time  of  the  former  species  in 
Europe  is  from  the  upper  eocene  (Quercy  phosphorites)  to  the  lower  miocene.3 4 

Additional  European  species. — In  mentioning  the  number  of  species  of 
Anthracotherium  on  page  148  an  important  paper  by  Prof.  Renevier,  cited  in  the 
foregoing  list,  had  escaped  the  writer’s  notice.  In  this  paper  the  species  A.  valdense, 
Kow,  and  A.  laharpei , Ren.,  are  described  and  figured;  while  A.  minus , Cuv.,  is 
admitted  as  a species.  All  three  species,  which  have  been  obtained  from  the  Swiss 
miocene,  must  be  added  to  the  list  given  on  pp.  149-9,  bringing  the  number  of  well- 
authenticated  species  to  eleven. 

The  only  one  of  these  species  coming  near  to  either  of  the  Siwalik  species  is 
the  form  referred  to  A.  minus  f which  is  nearly  the  same  size  as  A.  silistrense.  The 
upper  molars  have,  however,  a more  distinct  cingulum,  with  the  inner  columns  more 
markedly  crescent-shaped : the  mandible  is,  moreover,  of  a more  slender  type ; 
while  tire  lower  molars  have  a very  conspicuous  cingulum. 


1 ‘ Quart.  Journ.  Geol.  Soc.,’  vol.  IV.,  pi.  VIII.,  fig.  6. 

2 “ Osteographie,”  Genus  Anthracotherium,  pi.  III. 

3 On  page  149  the  range  in  time  of  this  form  is  given,  through  an  oversight,  as  upper  eocene  only. 

4 Eenevier,  op.  cit..  pi.  VI.,  figs.  72,  73. 
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SIWALIK  AND  NARBADA  CARNIVORA. 

By  R.  LYDEKKER,  B.A.,  F.G.S.,  F.Z.S. 
(WITH  PLATES  XXYI.  to  XLY.) 


Order:  CARNIVORA. 

Family  1.-EIUSTELID2E. 

The  family  Musteliclce , comprehending  the  weasels,  badgers,  and  otters, 
constitutes  “ a large,  widely  diffused,  and  somewhat  disjointed  group,  but 
exceedingly  difficult  to  reduce  into  natural  sub-families.  The  most  aberrant 
or  specialized  are  the  otters,  which  ending  with  Enhydris,  run  parallel  to  the 
Bears  towards  the  Pinnipedia.”1  For  the  purpose  of  the  present  memoir  it 
will  suffice  to  divide  this  family  into  two  sub-families ; viz.,  the  Mustelines 
comprehending  the  weasels,  the  glutton,  the  badgers,  etc.;  and  the  Lutrince , 
or  otters. 

Sub-Family  A.— MUSTELINES. 

Genera. — The  only  genera  of  this  sub-family  which  it  will  be  necessary  to 
mention  for  the  purposes  of  this  memoir,  are  the  following,  arranged  in  the 
order  adopted  in  the  catalogue  of  the  osteological  collection  of  the  Royal 
College  of  Surgeons.  The  number  of  cheek-teeth  in  each  genus  is  given 
after  the  name,  viz. : 


Gulo  . 

pm.  | m 

• i 

Taxidea 

Galictis2 

• • ,,  f 

„ ,j'  ■ || 

Meles 

Ictonyx 

„ „ 

- „ 

Mydaus  .... 

Helictis 

„ | 

' Arctonyx 

Mellivora 

• ■ „ t 

Mephitis 

Conepatus 

pm.  f m.  | 

There  is  really  no  well-marked  distinction  between  this  group  of  genera 
and  the  more  typical  weasels ; but  since  it  is  only  to  certain  of  the  genera 
mentioned  in  this  list  that  the  fossil  forms  described  below  can  have  any 
affinity,  it  is  unnecessary  to  allude  further  to  the  other  genera  of  the 
family.  In  the  genera  mentioned  the  number  of  true  molars  is,  with  one 
exception,  | ; but  this  exception  renders  the  only  constant  numerical 

l Flower.  2 Syrionyms  Grisonia  and  Galera. 
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character  of  the  cheek-teeth  the  presence  of  hut  a single  true  molar  in  the  upper 
jaw.  In  all  the  genera  the  lower  carnassial  (mTT)  is  characterized  by  its 
great  relative  length ; and  the  premolars,  are  generally  sub-conical  teeth  with 
the  fore-and-aft  talons  very  slightly  developed.  The  mandible  of  the  larger 
and  stronger  forms  is  in  general  characterized  by  its  relative  shortness  and 
depth,  and  the  straightness  of  its  inferior  border. 

There  is  a considerable  degree  of  variation  in  the  development  of  the 
upper  carnassial  $(pm.  4)  relatively  to  the  other  cheek-teeth  in  the  different 
genera.  In  some  forms  ( Meles , Arctonyx , Gonepatus ) this  tooth  is  much  shorter 
than  the  true  molar  fm.  1),  whence  the  upper  dentition  may  be  termed 
meionocreodont } In  other  genera  ( Helictis , Taxidea , Mydaus,  Mephitis ) pm.  4 is 
about  equal  in  size  to  m.  1,  whence  these  genera  may  be  termed  mesocreodont. 
In  the  remaining  genera  {Gulo,  Galictis,  Ictonyx,  Mellivora ) pm.  4 is  much 
longer  than  m.  1,  whence  they  may  be  termed  megalocreodont.  In  the 
meionocreodont  forms  the  lower  carnassial  (mTl)  is  relatively  longer  than  in 
the  megalocreodont  forms,  being  developed  in  correspondence  with  the  increased 
relative  size  of  the  upper  true  molar  (m.  1)  in  the  former.  The  rate!  and 
the  badger  afford  extreme  examples  of  this  difference ; the  length  of  m.  1 
in  the  former  being  about  1^  times  thati  of  pm.  4,  whereas  in  the  latter  it 
is  nearly  2~  times  the  length  of  pm.  4.  The  glutton  is  intermediate  in  this 
respect,  the  length  of  mTl,  being  nearly  twice  that  of  pm.  4.  Generally  it  seems 
that  in  the  meionocreodonts  the  length  of  mTT  is  more  than  twice  that  of  pm.  4, 
whereas  in  the  megalocreodonts  the  length  of  the  former  is  never  more,  and  may 
be  considerably  less  than  twice  that  of  the  latter. 

For  the  purposes  of  the  present  memoir  the  most  important  dental  character 
is  that  while  in  Gulo  and  Mellivora  the  hinder  talon  of  the  lower  carnassial  is 
bluntly  trenchant,  in  all  the  other  forms  this  part  is  hollow,  and  surrounded  with  a 
rim,  or  ridge  of  cusps : this  character  is  most  marked  in  Meles,  Taxidea,  Arctonyx, 
Mydaus,  and  Ictonyx. 

Fossil  forms. — The  above-mentioned  group  appears  to  be  extremely  poorly 
represented  in  previous  geological  epochs,  the  only  fossil  forms,  except  those 
described  below,  with  which  the  author  is  acquainted,  being  the  existing  Gulo  luscus 
and  Meles  taxus  from  the  pleistocene  of  Europe. ; a species  of  Galictis  and  Mephitis 
from  the  caverns  of  Brazil ; Paloeomephitis  and  Promephitis  from  the  upper  tertiaries 
of  Europe ; and  one  species  of  Taxidea  from  the  pliocene  of  North  America, 
described  by  Professor  Cope  under  the  name  of  T.  sulcata.  As  the  Indian  fossil  forms 
described  below  belong  to  the  genus  Mellivora  and  an  allied  genus,  for  which  the  term 
Mellivorodon  is  proposed,  it  will  be  seen  that  the  geographical  distribution  of  the  fossil 
forms  in  many  cases  agrees  very  closely  with  that  of  their  living  representatives. 

l These  terms  will  he  more  fully  explained  in  the  sequel : they  are  compounds  of  “ creodont  ”>=“  flesh  ” or  “ carnassial- 
toothed,”  and  are  intended  to  indicate  the  relative  size  of  the  “ flesh  ” or  “ carnassial  tooth.” 
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Genus.  MELLIVORA,  Storr. 

Synonyms.  Batelus,  Ben*  TJrsitaxus,  Hodgson. 

General. — The  dentition  of  the  genus  has  been  already  alluded  to  under  the 
head  of  the  sub-family.  At  the  present  time  a living  representative  of  the  genus  is 
found  throughout  India,  known  as  M.  inclica , while  another  form  occurs  in  Africa, 
which  has  been  named  M.  capensis.  Dr.  Sclater  has,  however,  come  to  the  conclusion1 
that  it  is  extremely  doubtful  whether  the  Indian  and  Cape  ratels  can  be  specifically 
distinguished,  since  an  African  form  described  by  him  when  young  under  the 
provisional  name  of  M.  leuconota,  when  adult  could  scarcely  be  distinguished  from 
M.  indica.  There  do  not  appear  to  be  any  well-marked  characters  by  which  the 
skulls  of  the  Indian  and  African  forms  can  be  distinguished.  It  is  believed  that-  the 
two  Siwalik  species  described  below  are  the  only  fossil  representatives  of  the  genus. 

Species  1.  Mellivora  sivalensis,  (Falc.  and  Caut.) 

Synonyms.  TJrsitaxus  sivalensis , Falc.  and  Caut. 

Gulo,  sp.,  Baker  and  Durand. 

History. — The  first  mention  of  the  specific  name  of  this  species  appears  to  be 
in  the  posthumous  description  of  the  supplemental  plates  of  the  “ Fauna  Antiqua 
Sivalensis,”2  where  a very  perfect  cranium  is  figured  (pi.  Q.,  figs.  4,  4a,  4b,  4c) 
under  the  name  of  TJrsitaxus  sivalensis.  This  specimen  is  now  in  the  British  Museum 
(No.  40,184),  and  is  one  of  two  skulls  and  a mandible  obtained  from  the  typical 
Siwaliks  of  the  neighbourhood  of  the  Ganges  valley,  and  originally  figured  and 
described  in  the  “ Journal  of  the  Asiatic  Society  of  Bengal  ”3  by  the  late  Cols,  (then' 
Lieuts.)  Sir  W.  E.  Baker  and  Sir  H.  M.  Durand  under  the  name  of  Gulo, — the 
living  ratels  being  then  referred  to  that  genus.  The  second  skull  and  the  ramus  of 
the  mandible  are  now  in  the  Science  and  Art  Museum  in  Dublin;  by  which 
institution,  in  company  with  several  other  fine  remains  of  Siwalik  carnivora,  mostly 
from  Messrs.  Baker  and  Durand’s  collection,  they  are  stated  to  have  been  purchased 
many  years  ago  from  a Dr.  Beattie.4 

At  a later  date  a fragment  of  the  mandible  of  a ratel  from  the  Siwaliks  of 
the  Punjab  was  briefly  described  by  the  writer,  and  referred  to  the  present 
species.5  It  will,  however,  be  shown  below  that  this  specimen  belongs  to  a distinct 
species.  These  four  specimens  are  the  only  known  fossil  remains  of  the  genus, 
and  form  the  subject  of  the  present  notice. 

Cranium. — In  plate  XXVI.  of  the  present  memoir  the  four  figures  of  the 
cranium  given  in  the  “ Fauna  Antiqua  Sivalensis  ” have  been  copied : they  represent 

l ‘Pro.  Zool.  Soc  ,’  1871,  p.  232.  2 See  “ Palaeontological  Memoirs,”  vol.  I.,  p.  553. 

3 Vol.  V.,  p.  581,  plate  XXVII.,  figs.  4-8 — 1830.  4 These  two  specimens  bear  the  number  45. 

5 “ Rec.  Geol.  Surv.  India,”  vol.  XI.,  p.  102. 
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the  cranium  form  the  superior,  lateral,  posterior,  and  inferior  aspects,  and  are  drawn 
of  the  natural  size.1 

With  the  exception  of  a crushing-in  of  part  of  the  frontals,  this  skull  is 
singularly  perfect,  and  a glance  at  the  figures  will  immediately  show  that  it  belongs 
to  the  genus  Mellivora.  Speaking  of  their  two  skulls  Messrs.  Baker  and  Durand 
remark  that  “ the  two  fossils,  though  differing  considerably  from  each  other,,  agree 
in  the  following  points  of  dissimilarity  from  the  recent  skull  [ Mellivora  inclica ]. 
Their  canine  teeth  are  larger  and  stronger,  and  their  tubercular  molars  smaller ; the 
two  lines  of  molars  converge  towards  the  muzzle  considerably  less  in  the  fossil  than 
in  the  recent  animal,  and  the  individual  false  molars  [premolars]  are  set  less 
obliquely  to  the  line  of  the  maxillary.  The  frontal  is  wider  between  the  orbits  ; the 
post-orbital  apophyses  more  prominent  and  the  depression  of  the  cranium  in  rear  of 
them  less  deep ; the  exterior  portion  of  the  mastoid  process  has  a far  greater 
development  [well  shown  in  figure  2]  ; the  transverse  occipital  ridge  is  thicker,  more 
rugged  and  more  prominent,  and  projects  considerably  beyond  the  plane  of  the 
occiput  in  the  prolongation  of  that  of  the  parietal  bones.” 

The  following  table  gives  the  dimensions  of  the  two  skulls  described  by  Messrs. 
Baker  and  Durand,  partly  taken  from  their  memoir ; and  also  'those  of  the  skull  of  a 
very  old  individual  of  the  living  Indian  species,  in  the  collection  of  the  writer : the 
measurements  of  the  dentition  of  two  other  specimens,  from  the  collection  of  the 
Royal  College  of  Surgeons,  are  also  given  : — 

Fossil  species.  M.  indica. 


Length  from  occipital  condyle  to  incisors 
Breadth  at  masioid  process 
Greatest  breadth  of  brain  box  . 

Height  of  occiput 

Interval  between  paroccipital  processes  . 
Greatest  zygomatic  breadth 
Interval  between  outer  surfaces  of  canines 
,,  ,,  widest  part  of  molar  series 

Antero -posterior  diameter  of  base  of  canine 
Length  of  molar  series  . . . . 

,,  ,,  pm.  2 

„ „ „ 3 


t 

Dublin.  Brit.  Mus. 

5-51  ..  5-08 

3-26  ..  3-1 

2-44  ..  2-41 

1-69  ..  1-74 

1- 99  ..2-0 

2- 99  ..  2-85 

1-31  ..  1-2 

1-87  ..  1-65 

0- 39  ..  0-34 

1- 28  ..  1-18 

0-27  ..  0-25 
0-39  ..  0-36 

0-56  ..  0-52 


colio  nostra. 
5-35 


E.C.S. 

744 


E.C.S^ 

742 


2-5 

1-78 

1- 98 

2- 91 
1-3 
1-9 

0- 36 

1- 26 
0-23 
0-34 
0'52 


0-34  ..  0-38 


0-24  ..  0-25 

0-32  ..  0-38 

0.48  ..  0-56 


The  slightly  larger  size  of  the  Dublin  skull,  of  which  the  right  side  of  the 
palate  is  figured  in  the  woodcut  on  the  next  page  (fig.  1,  a),  in  the 
absence  of  other  points  of  distinction,  does  not  seem  indicative  of  more  than 
individual,  or  sexual,  variation.  The  table  of  dimensions  shows  how  extremely  close 
is  the  general  resemblance  between  the  recent  and  fossil  skulls  ; the  most  important 
differences  being  the  considerably  greater  development  in  the  fossil  form  of  the 
mastoid  portion  of  the  periotic.  The  Dublin  specimen,  which  is  not  improbably 


l It  is  stated  in  tbe  “ Palaeontological  Memoir^  ” that  this  skull  corresponds  to  figure  5 of  Messrs.  Baker  and  Durand’s 
memoir : it  really  corresponds  to  figure  7. 
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that  of  a male,  also  shows  that  the  fronto-parietal  region  is  flatter  and  more 

depressed,  and  the  sagittal  crest  wider  and 
stouter  than  in  the  living  species  : the  latter 
character  is  also  partly  shown  in  the  figures 
of  the  British  Museum  specimen.  The  larger 
size  of  the  canines  in  the  fossil,  mentioned  by 
Messrs.  Baker  and  Durand,  is  not  so  well 
marked,  as  was  at  first  supposed.  In  the 
fossils,  pm.  2 and  pm  3 are  slightly  larger  than 
in  the  recent  form.  The  true  molar  (m.  1) 
of  the  former  differs  from  that  of  the  latter 
by  being  much  less  expanded  at  its  inner 
extremity. 

Mandible. — In  their  memoir  Messrs. 
Baker  and  Durand  figured  a nearly  complete 
ramus  of  the  mandible  of  a Siwalik  ratel, 
which  is  now  in  the  Dublin  Museum.  Of 
this  specimen  the  dental  aspect  is  represented 
in  the  accompanying  woodcut  (fig.  1,  b).  From  its  size  and  mineralogical  character 
this  specimen  probably  belonged  to  the  same  individual  as  the  skull  in  the  same 
collection.  Speaking  of  this  jaw  Messrs.  Baker  and  Durand  remark  that  the 
measurements  of  the  “recent  and  fossil  jaws  exhibit  no  difference  save  in  the  canine 
teeth,  which  severally  correspond  with  the  same  teeth  in  the  upper  jaw.  There  is, 
however,  in  the  fossil  a deep  depression  in  the  ramus,  which  in  the  recent  species  is 
nearly  flat.”  The  depression  alluded  to  is  the  masseteric  fossa,  which  in  the  fossil  is 
narrow  and  well  defined,  but  in  the  recent  species  broad  and  indistinct.  The  most 
important  distinctive  point  of  the  fossil  is,  however,  the  disposition  of  the  cheek- 
teeth, which  in  place  of  forming  a nearly  straight  line,  in  continuation  of  the  canine,  are 
convex  externally,  the  canine  being  placed  on  the  inner  side  of  the  line  : this  is  in  corre- 
lation with  the  lesser  inclination  of  the  line  of  the  upper  cheek-teeth,  noticed  by 
Messrs.  Baker  and  Durand.  In  most  other  respects  the  form  of  the  recent  and  fossil 
jaws  is  exceedingly  alike  : their  dimensions  are  compared  in  the  following  table  : — 

Fossil.  Recent. 


a.  d. 

Fig.  1.  Mellivora  sivalensis,  (F.  and  C.)  The 
right  half  of  the  palate  (a),  and  the  left  ramus 
of  the  mandihle  (b) : from  the  Siwalik  specimens 
in  the  Dublin  Museum  : nat.  size. 


Length  from  condyle  to  anterior  border  of  canine! 

,,  ,.  ,,  ,,  hinder  ,,  „ m.  l 

Space  occupied  by  cheek-teeth  and  canine 
Interval  between  hinder  border  of  mTl  and  canine 

Depth  at  m.  1 

Length  of  pm.  2 

„ „ „ 3 

„ „ ,,  4 

,,  ,,  m.  1 


3-2 

1-48 

1-77 

1-42 

0-67 

0-22 

0-32 

0-38 

0-53 


col’o  nostra.  R.C.S.  744.  R.C.S.  722. 


3.28 

1-45 

1-85 

1-46  ..  1-28  ..  1-42 

0-68 

0-21  ..  0.22  ..  0-2 

0-29  ..  0-26  ..  0-28 

0-39  ..  0-38  ..  0-44 

0-59  ..  0-54  ..  0-59 


Antero -posterior  diameter  of  canine 


0-39 


0-38 


0-32 


0-38 


i The  specimen  has  now  lost  the  condylar  portion,  as  also  the  crown  of  the  canine,  which  is  complete  in  Baker  and 
Durand’s  figure.  Somewhat  similar  damage  has  befallen  the  Dublin  skull. 


B 
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These  dimensions  show  that  in  the  fossil  pm.  3 and  pm.  4 are  more  nearly  equal  in 
size  than  in  the  recent  species ; pm.  a being  relatively  smaller  in  the  recent  species, 
while  pm.  4 is  as  large,  or  larger,  than  in  the  fossil.  This  difference  causes  pm.  3 to 
overlap  pm.  2 in  the  latter,  while  in  the  recent  species  the  one  tooth  is  entirely 
behind  the  other.  The  lower  carnassial  (m.  l)  is  relatively  larger  in  the  recent  form  ; 
and  accordingly  this  tooth  overlaps  pm.  4,  which  is  not  the  case  with  the  fossil. 
There  is  also  a more  distinct  ( diastema  ’ in  the  latter. 

Precisely  similar  conditions  are  observable  in  the  mandibular  dentition  of 
Mellivora  cayensis,1  except  that  sometimes  pm.  3 is  overlapped  by  pm.  4 ; the  great 
difference  in  size  of  these  teeth  is,  however,  most  marked. 

Conclusions. — The  foregoing  observations  leave  not  the  slightest  doubt  but  that 
this  species  of  Siwalik  ratel  is  specifically  distinct  from  the  living  Indian  species ; 
and  as  no  important  points  of  distinction  have  been  recorded  between  the  skulls  and 
dentition  of  the  latter  and  the  living  African  form,  which,  as  already  mentioned,  is 
regarded  by  Dr.  Sclater  as  not  improbably  the  same  as  the  Indian,  it  follows  that 
the  fossil  must  also  differ  from  the  former,2  and  may,  therefore,  be  entitled  to 
rank  as  a distinct  species,  for  which  the  name  Mellivora  sivalensis  may  advantageously 
be  retained.  It  is  uncertain  whether  this  or  the  next  species  should  probably  be 
regarded  as  the  direct  ancestor  of  the  living  forms,  but  it  is  not  impossible,  from  the 
greater  difference  in  the  size  of  pm.  3 and  pm.  4 that  the  second  species  should  occupy 
this  position.  In  any  case  it  is  highly  probable  that  India  should  be  regarded  as  the 
original  home  of  the  genus. 

Distribution. — The  three  specimens  described  above  are  the  only  known  remains 
of  this  species,  and  were  all  obtained  from  the  neighbourhood  of  the  Ganges  valley. 
It  would  be  unsafe  to  make  any  very  definite  conclusions  from  the  occurrence  of 
these  three  specimens,  but  as  another  species  of  the  genus  inhabited  the  Punjab  in 
Siwalik  times,  it  is  possible  that  the  range  of  the  present  species  may  have  been 
confined  to  the  eastern  side  of  India. 

Species  2 : Mellivora  punjabiensis,  n.  sp.|  nobis. 

History. — As  already  mentioned,  a lower  jaw  of  a Siwalik  ratel  from  the  Punjab 
was  briefly  noticed  by  the  present  writer  some  years  ago  in  the  “ Records,”  and 
referred  to  M.  sivalensis.,  A comparison  of  this  specimen  with  the  Dublin  mandible 
of  the  latter  has,  however,  shown  conclusively  that  the  former  belongs  to  a distinct 
species,  and  it  is  on  that  specimen  that  the  present  species  is  founded. 

Mandible. — The  above-mentioned  specimen  is  represented  in  figures  6 and  6a  of 
plate  XXVII.  of  the  present  memoir  :3  it  consists  of  the  anterior  part  of  the  right 

1 Owen,  “ Odontography,”  pi.  CXXVIII.,  fig-.  10. 

2 Owing  to  there  being  no  skull  of  that  species  in  the  Museum  of  the  Royal  College  of  Surgeons,  and  to  the  British 
Museum  osteological  collection  being  at  present  inaccessible,  the  author  has  had  no  opportunity  of  comparing  the  fossils  with 
M.  capemis. 

3 The  author  only  knew  of  the  existence  of  the  Dublin  mandible  after  this  plate  was  lithographed : otherwise  the  two 
specimens  would  have  been  figured  side  by  side. 
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ramus  of  the  mandible,  and  was  obtained  by  Mr.  Theobald  in  the  Siwaliks  of  the 
village  of  Asnot,  in  the  Punjab  ; and  is  now  in  the  Indian  Museum.  The  ramus  is 
complete  from  the  symphysis  nearly  to  the  hinder  border  of  the  carnassial ; it  shows 
the  broken  bases  of  two  incisors,  and  of  the  canine ; the  alveolus  of  pm.  2 ; the 
nearly  perfect  pm.  3 and  pm.  4;  and  the  base  of  the  carnassial  (m.  l),  imperfect 
posteriorly.  The  shape  of  the  jaw  and  the  number  and  form  of  the  cheek-teeth 
conclusively  show  that  the  specimen  belongs  to  a species  of  ratel  of  about  the  same 
dimensions  as  the  living  species  and  M.  sivalensis , and  it,  therefore,  remains  to  show 
its  distinctness  from  these  species.  The  following  table  gives  the  dimensions  of  the 
mandible  of  the  three  forms  : — 


Specimen. 

M. 

indica. 

Mi 

sivalensis. 

Space  occupied  by  cheek-teeth  and  canine  . . 

1-91  (?) 

1-85 

1-74 

Ditto  by  cheek-teeth  . . . . ... 

1-45  (?) 

i-4 

1-37 

Interval  between  carnassial  and  canine  . . 

0-95 

0-9 

0-94 

Depth  at  m.  l 

0-68 

0-67 

Ant -posterior  diameter  of  canine  .... 

0-42 

(0-32) 

0-38 

0-39 

Length  of  pm.  2 

0-21  (0-22) 

0-22 

„ „ „ 3 

0-25 

(0-26) 

0-29 

0-32 

„ „ „ 4 

0-39  (0-44) 

0-38 

,,  ,,  m.  1 

(0-54) 

0-59 

0-53 

Interval  between  p5T3  and  canine 

0-32 

0-28 

0-23 

These  dimensions  show  that  the  specimen  is  distinguished  from  the  mandible  of 
M.  sivalensis  (woodcut,  fig.  1,  b)  by  the  great  difference  in  the  size  of  pm.  3 and  pm.  4 ; 
the  former  tooth  being  smaller  than  in  the  living  species,  whereas  in  M.  sivalensis  it 
is  larger.  The  two  fossils  must  also  have  been  distinguished  by  the  distinct  interval 
which  in  the  specimen  under  consideration  must  have  existed  between  pm.  2 and 
pm.  3.  Both  fossils  agree,  and  thereby  differ  from  both  the  living  species,  in  there 
being  no  overlap  of  pm.  4 by  m.  1.  The  carnassial  of  the  Punjab  jaw  must  have 
been  about  equal  to  the  average  size  of  that  of  the  living  Indian  species ; but  the 
canine  is  stouter  than  in  the  latter,  or  M.  sivalensis.  As  regards  the  shape  of  the  jaw 
itself  the  specimen  under  consideration  is  widely  distinguished  from  the  mandible 
of  the  latter  by  the  line  of  the  cheek-teeth  being  nearly  a direct  continuation  of 
that  of  the  inner  side  of  the  canine,  without  any  outward  curvature  : this  causes  the 
outer  surface  of  the  jaw  to  be  concave,  in  place  of  convex,  and  the  outer  surface  of 
the  canine  to  be  placed  far  externally  to  the  outer  line  of  the  premolars,  instead  of 
considerably  on  the  inner  side  of  the  same.  These  differences  are  so  great  as 
apparently  to  leave  no  doubt  that  the  Punjab  mandible  is  specifically  distinct 
from  Mellivora  sivalensis. 

With  regard  to  M.  indica,  the  specimen  under  consideration  is  distinguished  in 
the  first  place  by  the  relatively  larger  size  of  the  canine,  and  the  smaller  size  of 
pm.  3.  Both  agree  in  the  straight  line  formed  by  the  cheek-teeth,  but  the  canine  is 
placed  more  externally  in  the  fossil : in  the  latter,  moreover,  the  outer  surface  (plate 
XXVII.,  fig.  6)  is  concave  antero-posteriorly  below  the  premolars,  in  place  of  being 
flat,  while  the  inner  surface  of  the  same  (ibid,  right  side  of  fig.  6a),  in  place  of 
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swelling  out  suddenly  below  the  premolars,  descends  nearly  vertically  below  them. 
In  all  these  respects,  indeed,  the  fossil  under  consideration  differs  as  widely  from 
M.  indica  in  one  direction,  as  If.  sivalensis  does  in  the  other,  and  leads  to  the 
conclusion  that  it  must  be  specifically  distinct  from  both.  From  the  locality 
whence  it  was  obtained  it  is  proposed  to  name  this  new  species  Mellivora  punjabiensis. 

From  the  lower  premolars  of  this  species  being  more  like  those  of  M.  indica, 
and  from  the  direction  of  the  molar  series  being  approximately  the  same  in  the  two 
species,  it  is  perhaps,  as  already  said,  more  likely  that  the  present  species,  rather 
than  M.  sivalensis,  should  have  been  the  ancestor  of  the  living  ratels. 

Distribution. — No  more  can  be  added  regarding  the  distribution  of  the  present 
species  to  what  has  been  stated  in  relation  to  the  distribution  of  M.  sivalensis. 

G-enus  II. : MELLIVORODON,  n.  gen.  nobis. 

The  characters  of  this  genus,  as  far  as  they  are  at  present  known,  will  be  given 
under  the  head  of  the  one  species. 

Species : Mellivorodon  paljsindicus,  nobis. 

History. — The  new  generic  term  Mellivorodon  is  applied  here  for  the  first  time ; 
one  of  the  specimens  (pi.  XXVII.,  fig.  7,  7a)  on  which  the  genus  is  founded  has 
been,  however,  briefly  noticed  by  the  present  writer  and  doubtfully  referred  to  the 
genus  Meles.1 

Mandible. — The  specimens  on  which  the  new  genus  is  founded  consist  of  two 
fragments  of  the  mandible,  represented  from  their  outer  sides  in  figures  7 and  8 of 
plate  XXVII.;  the  dental  aspect  of  the  former  specimen  being  represented  in  figure 
7a.  Both  specimens  were  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab ; 
the  former  having  been  obtained  at  the  village  of  Asnot,  and  the  latter  at  the  village 
of  Niki.  The  specimen  represented  in  figure  7 comprises  the  anterior  portion  of  the 
ramus,  broken  off  anteriorly  in  front  of  the  canine,  and  posteriorly  at  the  hinder 
extremity  of  the  carnassial.  The  teeth  shown  in  this  specimen  are,  firstly,  the  broken 
base  of  the  canine  (fig.  7a  : c),  which  is  of  very  large  size ; behind  this  there  is  the  base 
of  a very  small  pm.  2,  filling  up  the  interval  between  the  canine  and  pm.  3 : the  base 
of  this  tooth  is  very  indistinct  and  scarcely  visible  in  the  figure.  The  third  premolar 
(pm.  3)  has  only  its  base  remaining,  but  of  the  fourth  tooth  of  that  series  the  nearly 
perfect  crown,  slightly  abraded  at  its  summit,  still  remains  : pm.  3 and  pm.  4 are 
nearly  equal  in  length.  The  carnassial  (m.  1)  is  an  elongated  tooth,  imperfect 
superiorly  and  posteriorly.  The  second  specimen  (fig.  8)  shows  the  hinder  extremity 
of  the  horizontal  ramus,  broken  off  posteriorly  at  the  ‘ angle.’  This  fragment  shows 
the  complete  crown  of  the  carnassial  (m.  1),  with  the  blade  slightly  broken,  and 
behind  the  carnassial  the  empty  alveolus  of  the  second  true  molar  (m.  2).  Although 
this  specimen  is  slightly  larger  than  the  other,  the  dimensions  and  form  of  the 
carnassial,  and  of  the  mandible  below  it,  are  precisely  similar  to  the  corresponding 


i ‘ Records,’  vol.  XI.,  p.  102. 


SIWALIK  AND  NARBADA  CARNIVORA. 


9—186 


portions  of  the  specimen  represented  in  fig.  7,  and  there  is  accordingly  every 
probability  that  they  belong  to  the  same  species.  Taking  the  two  specimens 
together,  they  afford  an  idea  of  the  form  of  the  nearly  complete  mandible,  and 
indicate  that  the  number  of  the  lower  cheek-teeth  of  the  species  to  which  they 
belonged  was  Pm.  7.  M.  7. 

The  relative  stoutness  of  the  fossil  jaws,  the  straightness  of  their  inferior 
border,  and  the  simple  suh-conical  form  and  absence  of  accessory  talons  from  pm.  4, 
leaves  little  doubt  that  the  specimens  belong  to  the  above-mentioned  group  of  the 
Mustelines.  This  is  confirmed  by  the  relatively  large  size  of  the  canine,  of  which, 
as  in  the  allied  living  genera,  the  antero-posterior  diameter  of  the  base  considerably 
exceeds  the  length  of  pm.  4 ; whereas  in  the  typical  weasels,  the  dogs  (generally 
distinguished  by  the  presence  of  pm.  l),  and  the  Viverridce  (with  the  exception  of 
Arctictis\  which  are  the  only  other  families  to  which  the  fossil  could  belong,  the 
antero-posterior  diameter  of  the  base  of  the  canine  appears  to  be  always  shorter  than 
the  length  of  pm.  4.  The  specimens  under  consideration  may,  therefore,  be  taken  as 
belonging  to  the  above-mentioned  group  of  Mustelines.  The  form  of  the  hinder  talon 
of  the  carnassial,  which  is  fortunately  preserved  in  the  specimen  represented  in  figure 
8,  shows  that  the  summit  of  that  part  was  bluntly  trenchant;  whence  the  animal 
was  evidently  closely  allied  to  the  glutton  and  the  ratel.  From  the  latter  the  fossil  is 
distinguished  by  the  presence  of  m.  2 ; by  the  equality  in  the  size  of  pm.  4 and  pm.  3, 
and  by  the  minuteness  of  pm.  2.  From  the  lower  jaw  of  Gulo  the  fossil  is  distinguished 
by  the  absence  of  pm.  1,  by  the  minute  size  of  pm.  2,  and  by  the  thinner  form  of  the 
carnassial.  As  these  two  genera  appear  to  be  the  only  large-sized  representatives  of 
the  group  with  a trenchant  hind  talon  to  the  carnassial,  it  seems  practically  certain 
that  the  specimens  under  consideration  must  be  referred  to  a new  genus.  From  the 
resemblance  in  the  general  form  of  the  teeth  to  those  of  Mellivora  the  generic  title 
of  Mellivorodon  is  proposed,  to  which  may  be  appended  the  specific  name  palceindicus. 

In  the  following  table  the  measurements  of  the  two  specimens  under  consideration 
are  compared  with  the  corresponding  dimensions  of  the  mandible  of  Mellivora  indica , 
and  Gulo  luscus  : — 

Gulo.  Mellivorodon.  Mellivora  indica. 


Length  of  carnassial O' 95 

,,  ,,  pm.  4 0-46 

„ „ „ 3 0-36 

„ 2 0-3 

Ant.  post.  diam.  of  canine 0-55 

Interval  between  carnassial  and  canine  . . . 1-08 

Depth  of  jaw  at  m.  1 . . . . . 1-16 


fig.  7.  fig.  8. 

(?)  0-73  ..  0-9  ..  ..  0-59 

0-4  0-36 

0-39  0-29 

0-15  0-21 

0- 5  0-39 

1- 03  0-9 

0-88  ..  1-0  ..  ..  0-68 


These  measurements  indicate  that  Mellivorodon  was  intermediate  in  size  between  the 
ratel  and  the  glutton ; while  the  form  and  relative  proportions  of  its  teeth  indicate 
that  it  was  more  nearly  allied  to  the  former  than  to  the  latter. 


c 
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Sub-Family  B .—LUTRINAE. 

According  to  the  system  adopted  here,  this  sub-family  includes  only  two  or 
three  genera,  viz.,  Enhydris  ( Enhydra ),  Lutra,  and  perhaps  Lutrictis.  As  all  the 
specimens  described  here  are  referred  to  the  second  genus,  the  dental  characters  of 
that  genus  alone  need  be  referred  to. 


Genus  : LUTRA,  Ray. 

Including  Aonyx,  Barangia , Ilydrogale,  Latax , Loutra , Lutronectes , Nutria ; Gray. 

Enliydriodon  (AmyxodonJ,  Falconer. 

Eental  characters. — The  only  points  in  connection  with  the  skeletal  anatomy  of  the 
otters  that  it  will  be  necessary  to  notice  on  this  occasion  are  some  connected  with 
the  dentition.  Generally  in  the  true  otters  the  adult  dental  formula  is  as  follows, 
viz.,  I.  •§,  C.  j,  Pm.  |,  M.  5.  In  some  forms,  however  [Aonyx),  the  first  upper 
premolar  is  either  not  developed,  or  is  shed  at  an  early  period,  and  the  formula  then 
becomes  I.  -§,  G.  \,  Pm.  •§,  M.  The  molar  series  differs  from  that  of  more  typical 
mustelines  jf  in  the  increased  development  of  the  tubercular  fm.  1]  of  the  upper  jaw, 
and  in  the  greater  degeneration,  so  to  speak,  of  the  carnassier  [carnassial  (pm.  4)~|. 
The  typical  tubercle  on  the  inside  of  the  latter,  instead  of  being  limited  to  a small 
knob  connected  with  the  body  by  a narrow  base,  constitutes  nearly  half  of  the 
surface  of  the  coronal  [crown],  and  is  expanded  into  a wide  disc,  bounded  on  its 
inner  side  by  a sharp  raised  edge,  occupying  the  whole  length  of  the  inside  of  the 
tooth.  The  outline  of  the  carnassier  is  in  con- 
sequence nearly  triangular.  The  body  [blade]  is 
still  distinctly  tricuspid,  as  in  the  higher  [feline] 
carnivora,  but  the  anterior  cusp  is  reduced  to  little 
more  than  a well-marked  serrature  or  lobe  of  the 
basal  ridge.  The  tubercular  [m.  1]  has  a development 
proportionate  to  that  of  the  tubercle  of  the  carnassier. 
It  is  somewhat  trapezoidal  in  the  outline  of  its 
coronal,  which  is  oblong  in  the  transverse  direction, 
that  is  considerably  broader  than  long ; it  is  divided 
lengthwise  by  a deep  hollow  into  two  somewhat 
unequal  halves,  the  outer  and  smaller  of  which  is 
subdivided  by  a shallow  transverse  channel  into  two 
a raised  edge ; while  the  inner  is  expanded 
into  a flat  disc,  bounded  by  an  edge,  as  in  the  tubercle  of  the  carnassier, 
but  it  is  of  greater  extent  and  more  complicated  in  form.  This  arises  from 
the  anterior  border  of  the  coronal  being  raised  up  into  a prominent 
trenchant  ridge  divided  into  two  denticles,  and  distinct  from  the  bounding 


Fig.  2.  lutra  (Aomjx)  lep’omjx , Horsf. 
Upper  dentition,  nat.  size : from  a 
recent  specimen  in  the  author’s  posses- 
sion, from  India.  The  uppermost  tooth 
is  the  tubercular  (m.  1),  and  the  tooth 
below  it  the  carnassial  (pm.  4) : pm.  1 is 
wanting. 

flattish  surfaces  bounded 


by 
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basal  ridge  which  sweeps  round  it.”1  The  foregoing  description  is  taken  from  some 
typical  form  like  Lutra  vulgaris ,2  but  there  are  some  slight  modifications  among  the 
existing  true  otters,  although  according  to  Dr.  J.  Anderson3  the  teeth  of  all  the 
above-mentioned  so-called  genera  into  which  Dr.  Gray  subdivided  the  old  genus 
Lutra 4 do  not  offer  a single  character  of  generic  value.  There  are,  it  is  true,  in 
some  forms  external  characters  like  the  lateral  expansion  of  the  tail  in  Lutra 
fPteronuraJ  sandbachi,  and  the  smallness  of  the  claws  in  Lutra  fAonyxJ  leptonyx , 
which  may  be  of  generic  value.  As,  however,  these  are  inapplicable  in  the  case  of 
fossils,  in  which  the  teeth  and  skull  alone  have  generally  to  be  relied  upon,  it  follows 
that  at  least  for  palaeontological  purposes  all  the  living  forms  must  be  included  under 
one  genus.  In  the  Indian  short-clawed  otter  Lutra  leptonyx  (woodcut,  fig.  2)  and 
other  species  belonging  to  the  same  sub-genus,  the  palate  is  relatively  short  and  the 
molars  relatively  large,  and  the  inner  half  of  m.  1 is  the  longest  part  of  that  tooth, 
while  in  most  other  forms  the  outer  half  of  that  tooth  is  longer  than  the  inner.  In 
L.  canadensis , however,  the  proportions  of  that  tooth  are  the  same  as  in  Lj.  leptonyx . 
In  species  like  Lutra  vulgaris  in  which  the  true  molar  is  considerably  broader  than 
long,  the  tubercular  part  of  the  carnassial  is  comparatively  small,  leaving  a large 
vacuity  between  it  and  the  true  molar  ; but  in  forms  like  Lutra  (Aonyx)  leptonyx  the 
squareness  of  the  true  molar,  and  the  larger  size  of  the  tubercular  portion  of  the 
carnassial  leave  very  little  space  between  these  two  teeth.  These  characters  are  well 
displayed  in  the  figure  in  the  ■■  Histoire  Naturelle  des  Mammiferes,”5  and  may  also 
be  observed  by  comparing  the  woodcut  figure  2 with  figure  1 of  plate  XXVII.  of 
this  memoir.  There  is,  however,  among  the  living  species  an  almost  complete 
transition  between  the.  extreme  forms  of  variation  in  the  proportionate  size  of  the 
molar  teeth. 

It  will  be  shown  below  that  there  is  a more  important  variation  in  some  of  the 
fossil  forms,  but  these  will  be  best  noticed  in  the  description  of  the  species  themselves. 

Turning  to  the  lower  dentition  it  will  be  found  that  in  typical  forms  “ the 
tubercular  is  of  comparatively  small  size,  nearly  square,  and  its  coronal  divided  by  a 
transverse  low  ridge  into  two  flattened  nearly  equal  surfaces.  The  carnassier  may 
be  considered  as  made  up  of  two  parts,  separated  by  a deep  transverse  hollow,  the 
anterior  of  which  is  formed  of  three  sub-equal  pointed  cusps  disposed  in  a triangle, 
the  inner  representing  the  tubercle  of  the  corresponding  upper  tooth  ; the  posterior 
portion  consists  of  a dilated  flattened  tubercle,  sloping  inwards,  and  bounded  by  a 
sharp  edge,  which  is  raised  at  the  outer  side  into  an  obsolete  posterior  cusp,  less 
distinctly  marked  at  the  inner  side.”6 

In  all  living  forms  the  outer  pair  of  incisors  of  both  jaws  is  slightly  larger  than 
the  two  inner  pairs. 

1 Falconer,  “ Palaeontological  Memoirs,”  vol  I.,  p.  332.  2 Blainville,  “ Osteographie  ” Genus  Mustela,  pi.  VIII. 

3 “Anatomical  and  Zoological  Researches,  etc.,  in  Western  Yunan,”  London,  1878,  p.  200. 

4 “ Cat.  of  Carnivora,  etc.,  in  the  British  Museum,”  p.  100,  et.  seq.  5 V.  Gervais,  Paris,  1845,  p.  116, — woodcuts. 

6 Falconer,  loc.  cit. 
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Living  Indian  and  adjacent  species. — In  tlie  present  state  of  science  it  would  be 
almost  a hopeless  task  to  give  a correct  list  of  the  existing  species  of  otters  ; it  will, 
however,  probably  suffice  for  the  purposes  of  this  memoir  to  mention  the  best  known 
species  of  India  and  the  adjacent  countries.  According  to  Dr.  Anderson1  it  appears 
that  there  are  four  species  of  Himalayan  and  Indian  long-clawed  otters,  viz. : — 
Lutra  aurobeunnea.  Hodgs. 

Lutra  ellioti. 

Lutea  nair.  F.  Cuv. 

L.  indica.  Gray. 

L.  tarayensis.  Hodgs.  . 

L.  chinensis.  Gray. 

Lutea  simung.  S.  Raffles. 

L.  monticola ? . Hodgs. 

It  is,  however,  incidentally  mentioned  (p.  211)  that  Lutra  vulgaris , Erxl,  probably 
occurs  in  Kashmir,  and  it  is  not  improbable  that  this  form  may  occur  in  the  more 
inner  Himalaya,3  as  it  certainly  does  in  Persia.4 

Lutra  sumatran a,  Gray.  Inhabits  the  Malay  peninsula. 

There  is,  moreover,  one  species,  belonging  to  the  sub-genus  Aonyx , distinguished 
by  its  short  claws,  viz.  : — 

Lutra  leptonyx.  Horsf. 

Aonyx  horsfieldi.  Gray. 

Aonyx  sikimemis.  Hodgs. 

(?)  Lutra  indigitata.  Hodgs. 

(?)  Lutra  swinhoei.  Gray. 

In  Dr.  Gray’s  Catalogue  of  the  Carnivora  in  the  British  Museum,  and  in  the 
new  Osteological  Catalogue  of  the  Museum  of  the  Royal  College  of  Surgeons,  the 
range  of  L.  leptonyx  is  given  as  Java  and  Sumatra.  Dr.  Anderson,  however, 
considers  this  form  to  be  the  same  as  the  Himalayan  I.  indigitata , Hodgs.,  and  the 
Indian  E.  horsfieldi,  Gray ; it  is,  however,  suggested  that  the  short-clawed  otter  of 
Ceylon  may  be  distinct : the  same  view  is  entertained  by  Dr.  Jerdon. 

Of  these  species  the  skull  of  L.  aurobrunnea , which  is  a small  species,  is 
according  to  Dr.  Anderson  unknown,  and  the  present  writer  has  not  met  with  a 
figure  of  that  of  L.  ellioti.  In  L.  nairj  and  L.  simung  j which  are  both  of  large  size, 
the  true  molar  is  relatively  large  and  subquadrate.  In  I.  sumatranaj  which  is  also 
of  large  size,  this  tooth  is  very  short  antero-posteriorly ; and  the  same  is  the  case  in 
the  skull  of  L.  vulgaris  figured  by  De  Blainville.8  In  L.  leptonyx  (woodcut,  fig.  2),  as 

1 op.  cit.,  p.  213. 

2 This  species  was  identified  by  Jerdon  with  L.  vulgaris,  and  it  is  so  classed  in  the  new  catalogue  of  the  Museum  of  the 
Royal  College  of  Surgeons  : it  is,  however,  distinguished  by  the  greater  proportionate  size  of  Pm-  4. 

3 W.  T.  Blandford,  “ Scientific  Results'of  2nd  Yarkand  Mission — Mammalia,”  Calcutta,  1879,  p.  32. 

4 W.  T.  Blanford,  “Zoology  and  Geology  of  Eastern  Persia,”  London,  1876,  p.  43. 

5 Anderson,  op.  cit.,  pi.  XI.,  fig.  3.  6 Ibid,  pi.  XII.,  fig.  2.  7 Ibid,  pi.  XII.,  fig.  5. 

8 “ Osteographie,”  Genus  Mustela,  pi.  VIII. 
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already  mentioned,  the  last  molar  is  subquadrate,  and  longer  internally  than  externally. 
A species  of  otter  from  Borneo,  said  to  be  distinguished  from  L.  simung  by  its  shorter 
tail  is  mentioned  by  Dr.  Gunther,1  but  the  characters  of  the  skull  are  not  given. 

Fossil  species. — The  following  list  gives  the  best  defined  fossil  forms,  exclusive  of 
the  Indian  species  described  below : — 

1.  Lutra  bravardi,2  Pom.  Pliocene,  France. 

(?)  L.  clermontensis,  Blain  (in  part). 

(?)  L.  elaperus,  Croiz. 

A species  said  to  be  rather  larger  than  L.  vulgaris , in  which  the  true  molar  is  subquadrate. 

2.  Lutra  affinis,3  Gerv.  Pliocene,  France. 

Very  doubtfully  distinct  .from  Z.  vulgaris. 

3.  Lutra  campani,4  Meneghini.  Mid.  miocene,  Tuscany. 

A very  large  species,  whose  dental  characters  will  be  alluded  to  below.  The  Monte 
Bamboli  beds,  from  which  this  fossil  was  obtained,  are  classed  by  Prof.  Gaudry 
below  the  Sansan  stage  (mid.  miocene). 

4.  Lutra  dubia,5  Blain.  Mid.  miocene,  Sansan; 

A species  apparently  only  known  by  a fragment  of  the  mandible,  of  considerably  larger 
size  than  that  of  Z.  vulgaris. 

5.  Lutra  lorteti,6  Filhol.  Miocene,  France. 

A species  known  by  a portion  of  a mandible,  somewhat  smaller  than  that  of  Z.  vulgaris  : 
mTz  has  only  one  root  as  in  Z.  leptonyx. 

6.  Lutra  piscinaria,7  Leidy.  Pliocene,  N.  America. 

A species  named  from  a single  tibia. 

7.  Lutra  vulgaris,  Erxl.  Recent,  Palsearctic : pleistocene,  Europe. 

Z.  antiqua.  Marcel  de  Serres. 

Mustela  lutra.  Lin. 

It  may  be  added  that  the  so-called  Lutra  valetoni 8 (E.  Geof.)  of  the  French 
miocene  belongs  to  the  genus  Lutrictis , distinguished  from  all  other  mustelines  by 
the  presence  of  a minute  second  upper  true  molar,  and  from  the  otters  by  the  whole 
of  the  premolars  being  placed  posteriorly  to  the  canine.9  This  genus  which  evidently 
belongs  to  the  Mustelidce , although  it  is  somewhat  doubtful  whether  it  should  be 
placed  in  the  sub-family  Lutrince , is  considered  by  Professor  Gaudry  to  form  a 
connecting  link  between  the  Mustelidce  and  the  Viverridce. 

Species  1.  Lutra  palaundica.  Falc.  and  Caut. 

History. — Although  no  description  of  this  species  was  ever  published  by  Dr. 
Falconer,  there  is  not  the  slightest  difficulty  in  identifying  the  specimens  to  which 

1 “Pro.  Zool.  Soc.,’  1876,  p.  736. 

2 Gervais,  “Zoologie  et  Paleontologie  Franqaises,”  2nd  ed.,  p.  244,  pi.  XXVII.,  fg.  6 (palate). 

3 Ibid,  p.  244.  4 Meneghini,  ‘ Atti.  del.  Soc.  Ital.  d.  Sci.  Xat.,’  1862,  vol.  IV.,  p.  18,  pi.  Ila. 

5 Blainville,  “ Osteographie  ” Genus  Mustela,  pi.  XIV. 

6 Filhol,  “Notes  sur  Quelques  Mammiferes  Fossiles  de’l’Epoque  Miocene,”  Lyon,  1881,  pi.  IV.,  figs.  20-2. 

7 Leidy,  “ Extinct  Vertebrate  Fauna  of  Western  Territories,”  p.  316,  pi.  XXXI.,  fig.  4. 

8 Potamotherium  valetoni,  E.  Geof,  Lutra  clermontensis,  Blain.  (in  part),  Stephanodon  inonbachiensis , H.  Myr. 

9 See  Gaudry,  “ Les  Enchainements  du  Monde  Animal,  etc. — Mammiferes  Tertiaries,"  fig.  200. 
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the  name  (which  occurs  in  manuscripts  of  Dr.  Falconer  in  the  British  Museum)  was 
applied,  as  these,  consisting  of  a skull,  and  a part  of  a mandible,  are  in  the  collection  of 
the  British  Museum,  where  they  are  labelled  Lutra  palceindica.  These  two  specimens 
are  moreover  figured  in  the  “ Palaeontological  Memoirs,”1  and  in  the  unpublished 
plates  of  the  “Fauna  Antiqua  Sivalensis.”2  The  first  published  mention  of  the 
name  appears  to  have  been  in  the  former  work.  At  a later  date  (1879)  Mr.  P.  N. 
Bose3  gave  a brief  description  of  these  specimens  under  the  same  name,  and 
apparently  came  to  the  conclusion  that  they  could  not  be  identified  with  any 
described  species. 

Cranium . — A view  of  the  palatal  aspect  of  the  above-mentioned  cranium  is 
given  in  figure  1 of  plate  XXVII.  of  the  present  memoir ; and  this  and  other  views 
are  also  given  in  plate  P.  of  the  “Fauna  Antiqua  Sivalensis.”  The  specimen  has 
lost  both  zygomatic  arches,  a part  of  the  occiput  and  of  the  right  maxilla,  but  is 
otherwise  fairly  complete  : it  shows  the  alveoli  of  the  three  incisors,  and  of  the  first 
three  premolars,  of  the  left  side  : pm.  4 and  m.  1 of  the  same  side  are  still  remaining. 
The  specimen  was  obtained  in  the  typical  Siwalik  Hills,  and,  as  already  said,  is  now 
in  the  collection  of  the  British  Museum  (No.  37,151):  the  dentition  shows  that  it 
belonged  to  a fully  adult  individual. 

There  can  be  no  question  but  that  the  skull  belongs  to  a true  otter,  and  it  will 
accordingly  be  the  simplest  plan  to  point  out  in  what  respects  it  differs  from  such  of 
the  living  otters  of  India  and  the  neighbouring  countries  of  which  figures  or 
specimens  of  the  skull  are  available,  and  subsequently  to  compare  it  with  the  fossil 
species  mentioned  above. 

In  the  first  place  it  may  be  observed  that  the  elongated  form  of  the  skull,  and 
the  shape  of  the  hinder  cheek-teeth,  shows  that  the  specimen  has  no  affinity  with  the 
short-clawed  Indian  otter,  Lutra  (AonyxJ  leptonyx  (compare  plate  XXVII.,  fig.  1, 
with  woodcut  fig.  2),  as  is  shown  by  the  following  measurements: — 

L.  pahzindica.  L.  leptonyx. 


Length  from  foramen  magnum  to  incisors 3 -57  ..  3'2 

,,  of  palate 2*04:  ..  1'7 

Greatest  width  of  ditto  1 * 25  ..  I- 32 


Comparing  the  fossil  skull  with  the  skull  of  those  species  of  existing  Asiatic 
otters  in  which  it  is  known  it  will  be  found  that  in  Lutra  vtair | and  L.  vulgaris 5 the 
skull  is  longer  and  proportionately  wider  : in  both  the  existing  forms  the  length  of 
the  palate  is  almost  exactly  the  same  as  that  of  the  fossil  species,  but  its  width  is 
considerably  greater.  In  comparing  the  fossil  with  the  skull  of  the  “living  Indian 
otter,”  by  which  it  is  presumed  that  Lj.  nair  is  referred  to,  Mr.  Bose6  observes  that 
“ the  skull  of  the  fossil  is  smaller,  and  the  teeth  proportionately  larger.  The  brain- 
case  is  broader  and  higher  in  the  fossil  than  in  its  living  representative.  But  the 
most  characteristic  feature  in  the  fossil  skull  is  the  form  of  the  forehead.  In  the 

i Vol.  I.,  pi.  XXVII.,  figs.  6-8.  2 Plato P.,  figs.  1,  2.  3 1 Q,uar.  Jour.  Geol.  Soc.,’  vol.  XXXVI.,  pp.  133-4. 

•i  Anderson,  op,  cit.,  pi.  XI.,  fig.  3.  5 Blainville,  “ Osteograpliic,”  Genus  Mustela,  pi.  VIII.  6 op.  oil.,-  p.  133. 
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common  [L.  vulgar  is~],  as  well  as  in  tlie  Indian  otter,  the  frontal  narrows  from  behind 
the  post-orbital  process,  in  the  shape  of  a triangle,  up  to  its  junction  with  the  brain- 
case  proper ; but  in  the  fossil  the  part  between  the  post-orbital  processes  of  the 
frontal  and  the  cranial  cavity  is  wider  and  is  of  uniform  breadth  throughout,  so  as 
to  be  quadrangular  instead  of  triangular.”  This  shows  (the  specimen  being  fully 
adult)  that  the  fossil  belonged  to  one  of  the  smaller  weak- jawed  otters  (like  Tmtra 
leptonyx ),  in  which  (as  in  the  smaller  Gcmidce ) the  temporal  ridges  never  unite  in  the 
middle  line  to  form  a sagittal  crest  (as  in  L.  vulgaris ),  but  remain  permanently 
separate,  and  enclose  a persistent  ‘ sagittal  area,’  as  the  intervening  space  is  termed 
by  Professor  Huxley. 

In  L.  sumatrana 1 the  palate  is  absolutely  both  shorter  and  wider  than  in  the 
Indian  fossil.  The  narrower  form  of  the  skull  and  the  lesser  development  of  the 
tubercular  portion  of  the  carnassial  distinguishes  the  latter  from  L.  simung  (monticola)  .2 

It  appears,  therefore,  that  the  fossil  skull  is  distinguished  from  the  skulls  of 
such  of  the  existing  species  of  India  and  the  adjacent  countries,  of  which  the  skulls 
are  known,  by  its  much  narrower  form.  It  does  not  appear,  moreover,  that  any 
existing  species  from  other  countries  agrees  in  this  respect  with  the  fossil.  The 
whole  length  of  the  latter  is  3 -57  inches,  while  that  of  a full-grown  male  skull  of 
L.  nair  is  4*07  inches.  The  fossil,  therefore,  belonged  to  a rather  small  species  of 
otter,  which  from  the  elongated  form  of  the  skull  may  be  pretty  safely  referred  to 
the  long-clawed,  or  typical,  division  of  the  genus. 

With  regard  to  the  various  fossil  species  given  in  the  foregoing  list  it  will  be 
found  that  the  specimen  under  consideration  differs  from  L.  bravardi  by  its  generally 
smaller  size,  by  its  much  narrower  palate,  and  by  the  shortness  of  the  true  molar. 
From  L.  affinis  the  Indian  fossil  must  be  distinguished  by  the  characters  distinguishing 
it  from  L.  vidgaris.  With  L.  campani,  as  will  be  apparent  in  the  sequel,  the  present 
specimen  has  not  the  slightest  affinity ; and  it  must  be  considerably  smaller  than 
L.  dubia.  The  distinction  of  the  specimen  from  L.  lorteti  will  be  noticed  under  the 
head  of  the  mandible.  As  L.  piscinaria  is  described  merely  upon  the  evidence  of  the 
tibia,  there  are  no  means  of  comparing  it  with  the  Indian  fossil. 

From  the  foregoing  comparisons  it  will  be  seen  that  this  form  of  Siwalik  otter 
cannot  be  identified  with  any  other  described  form,  and  is,  therefore,  entitled  to 
rank  as  a distinct  species.  As  already  said,  its  • affinities  appear  to  be  nearer  to  the 
long-clawed,  than  to  the  short-clawed  otters,  but  there  are  no  characters  indicating 
special  relationship  with  one  species  more  than  another. 

Mandible. — In  figures  2 and  2a  of  plate  XXVII.  of  the  present  memoir  there  is 
represented  the  left  ramus  of  the  mandible  of  an  otter  from  the  Siwaliks,  originally 
drawn  in  plate  P.,  figure  2,  of  the  supplemental  plates  to  the  “ Fauna  Antiqua 
Sivalensis,”  and  referred  by  Dr.  Falconer  to  his  Lutra  palceindica : it  is  now  in  the 
British  Museum  (No.  37,152).  There  is  no  evidence  to  show  whether  this  specimen 

l Anderson,  op.  'fit'. ) pi.  XII.,  fig.  5.  2 IU<>,  pi.  XII.,  fig.  2. 
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was  associated  with  the  skull  described  above,  but  from  the  similarity  in  the 
mineralogical  characters  of  the  two  specimens  it  is  very  probable  that  such  was  the 
case.  Whether  this  be  so  or  not,  the  proportionate  size  of  the  skull  and  mandible  is 
such  that  there  is  little  or  no  doubt  that  they  belong  to  the  same  species. 

The  mandible  shows  the  whole  of  the  horizontal,  and  a considerable  portion  of 
the  ascending  ramus.  It  also  exhibits  a portion  of  the  canine  (c),  the  roots  of  three 
premolars  (pm.  2,  3,  4),  the  carnassial  (m.  1),  with  the  hindmost  outer  cusp  of  the 
blade  broken  off,  and  the  alveolus  of  m.  2 (imperfectly  shown  in  the  figure).  The 
specimen  presents  a strong  general  resemblance  to  the  mandibles  of  L.  naif,  and 
L.  vulgaris , but  is  of  somewhat  smaller  size.  It  is  only  necessary  to  compare  it  with 
the  mandible  of  the  miocene  L.  lorteti,  already  referred  to,  from  which  it  is  widely 
distinguished  by  the  much  greater  length  of  the  carnassial,  and  by  the  curved  form 
of  the  inferior  border. 

Distribution. — The  two  specimens  above  described  are  the  only  known  remains 
of  the  species  : they  were  both  obtained  from  the  Siwaliks  of  the  neighbourhood  of 
the  Ganges  valley.  It  would,  however,  be  unsafe  to  infer  that  the  range  of  the 
species  was  limited  to  that  district. 

Species  2.  Lutra  bathygnathus,  n.  sp.  Nobis. 

History. — In  the  ninth  volume  of  the  11  Records  5,1  the  present  writer  made 
mention  of  a fragment  of  the  mandible  of  an  otter  obtained  by  Mr.  Theobald  in  the 
Siwaliks  of  the  Punjab,  of  larger  size  than  the  mandible  of  Lutra  pakeindica,  which 
was  thought  might  belong  to  a distinct  species.  It  is  upon  this  specimen  that  the 
present  species  is  mainly  established. 

Mandible. — In  figures  3 and  3a  of  plate  XXVII.  the  above-mentioned  specimen 
is  represented ; figure  3 being  taken  from  the  inner  side,  and  figure  3a  from  the 
dental  aspect.  The  specimen  is  a left  ramus  of  the  mandible,  showing  nearly  all  of 
the  horizontal  portion.  Posteriorly  it  shows  the  carnassial  (m.  1),  of  which  the 
hinder  cusps  of  the  blade  have  been  broken  off : in  advance  of  this  is  the  base  of 
the  last  premolar  (pm.  4).  Between  the  latter  and  the  fragment  of  the  canine  (c) 
still  remaining,  there  are  five  dental  alveoli,  belonging  to  the  first,  second,  and  third 
premolars  (pm.  1 : pm.  2 : pm.  3)  : the  first  of  these  teeth  must  have  been  inserted 
by  one  fang,  and  each  of  the  others  by  a pair  of  fangs.  Behind  the  carnassial  the 
alveolus  of  the  second  true  molar  ,is  probably  concealed  by  matrix.  The  form  of 
this  jaw  and  its  dentition  leaves  not  the  slightest  doubt  that  it  belongs  to  a species 
of  otter. 

In  figure  4 of  the  same  plate  there  is  represented,  from  the  inner , side,  another 
fragment  of  the  left  ramus  of  the  mandible  of  an  otter,  also  collected  by  Mr. 
Theobald  in  the  Siwaliks  of  the  Punjab.  This  specimen  shows  the  hinder  portion 
of  the  horizontal  ramus,  and  a considerable  portion  of  its  inferior  border : it  also 


1 p.  104.' 
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exhibits  the  alveolus  of  the  second  true  molar  (m.  2).  A comparison  of  this  specimen 
with  the  one  represented  in  figure  3 shows  that  the  two  evidently  belonged  to  the 
same  species  of  animal;  the  portion  common  to  the  two  (viz.,  that  immediately 
behind  the  carnassial)  being  absolutely  identical : both  specimens  present  the  well- 
marked  muscular  impression,  characteristic  of  the  otters,  immediately  behind  the 
last  molar.1 

In  the  following  table  the  dimensions  of  the  specimen  represented  in  figure  3 


are  compared  with  those  of  the  mandibles 

of  L. 

palceindica  and  of 

the  living 

L.  sinning*2 : — 

Fig.  3. 

L.  palseindica. 

L.  simung. 

Interval  between  canine  and  hinder  border  of  m.  1 

1-55 

1-2 

1-46 

Length  of  m.  1 

0-69 

0-52 

0-64 

Depth  of  jaw  at  m.  1 . . . . . 

079 

0-48 

0-45 

These  figures  show  that  the  jaw  under  consideration  is  distinguished  from  the 
other  mandibles  not  only  by  its  superior  size,  but  also  by  the  much  greater 
proportionate  depth  of  the  jaw  itself.  In  the  species  selected  for  comparison,  and 
apparently  in  all  other  living  otters,  with  one  exception,  the  depth  of  the  jaw  is 
considerably  less  than  the  length  of  the  carnassial  (m.  1) ; whereas  in  the  specimen 
under  consideration  the  reverse  is  the  case. 

The  large  living  South  African  Lutra  fAomjxJ  lalandi  (Less)3  appears,  however, 
to  differ  from  all  other  living  otters  by  the  great  depth  of  the  mandible,  which 
exceeds  the  length  of  the  carnassial,  as  is  shown  by  the  following  measurements, 
which  are  compared  with  those  of  the  specimen  represented  in  figure  3 : — 

L.  lalandi.  Fig.  3. 


Interval  between  canine  and  hinder  border  of  m.  1 l-58  ..  ..  1 *55 

Length  of  m.  1 07  ..  ..  0-69 

Depth  of  jaw  at  m.  1 076  ..  ..  079 


These  measurements  show  how  extremely  close  the  fossil  and  recent  jaws  are  to  one 
another.  Comparing  the  figures  given  here  with  those  given  by  .De  Blainville,  it 
will  be  found  that  the  inner  view  of  the  hinder  part  of  the  mandible  represented  in 
figure  4 corresponds  with  De  Blainville’s  outline  figure  of  the  same  aspect.  A 
comparison  of  the  outer  side  of  the  former  specimen  with  De  Blainville’s  figure  of 
the  same  has  shown  that  the  two  are  almost  identical,  the  sudden  upward  direction 
of  the  inferior  border  of  the  ramus  behind  the  last  molar  (not  well  shown  in  the 
position  of  the  figure  of  the  fossil)  being  the  same  in  both,  and  apparently  quite 
peculiar  to  these  two  forms.  The  fossil  seems,  however,  to  be  distinguished  from 
the  recent  form  by  the  more  outward  inclination  of  the  ascending  ramus,  and  by  the 
more  distinct  notch  separating  the  hinder  border  of  this  ramus  from  the  inner  angle 
of  the  condyle,  but  there  is  no  doubt  that  the  two  forms  are  very  closely  allied. 

With  regard  to  the  other  fossil  forms  of  the  genus  the  only  species  of  those 
given  in  the  list  on  page  190  with  which,  on  account  of  their  size,  the  specimens 

1 The  specimen  represented  in  fig,  4 should  have  been  figured  with  the  hinder  (condylar)  extremity  more  elevated. 

k Anderson,  loe.  cit.,  pi.  XII.,  fig.  1. 

si  De  Blainville,  “ Osteographie,”  Genus  Mustela,  pi.  VIII.  ( Lutra  inunguis). 
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under  consideration  can  have  any  affinity  is  Lutra  campani.  The  lower  jaw  of  that 
form  is,  however,  unfortunately  unknown,  but  from  the  fact  that  pm.l  is  absent,  it 
may  be  inferred  that  the  corresponding  tooth  in  the  lower  jaw  would  probably  be 
likewise  wanting,  which  is  not  the  case  in  the  specimens  under  consideration.  The 
only  remaining  fossil  form  to  which  these  specimens  could  possibly  belong  is  the 
species  described  below  under  the  name  of  Lutra  sivalensis , of  which  the  upper 
dentition  is  figured  in  plate  XXVII.,  figure  5.  The  lower  jaws  are,  however,  too 
small  to  have  belonged  to  that  form,  as  is  shown  by  the  lower  molar  series  being 
considerably  shorter  than  the  upper ; the  reverse  being  the  case  with  all  species  of 
otters.  There  is  another  reason  why  these  specimens  should  not  belong  to  the  same 
species  ; — namely,  that  in  L.  sivalensis  the  first  upper  premolar  is  absent,  whereas  the 
whole  series  is  present  in  the  lower  jaw. 

Conclusions. — From  the  foregoing  comparisons  it  appears  that  the  only  otter  to 
which  the  specimens  under  consideration  are  allied  is  the  South  African  L.  lalancli ; the 
resemblance  between  the  former  and  the  mandible  of  the  latter  being  indeed  so  close 
that  it  is  very  difficult  to  fix  on  any  differences  of  specific  value : such,  however, 
might  probably  be  found  if  additional  remains  of  the  fossil  were  attainable.  As  it 
is  highly  improbable  that  the  two  forms  are  absolutely  identical  it  seems  better  to 
assign  a distinct  provisional  specific  name  to  the  fossil  form ; and  the  term 
lathy gnathus,  in  allusion  to  the  most  marked  character  of  the  mandible,  is  accordingly 
proposed. 

It  is  a fact  of  extreme  interest  to  find  one  of  the  Siwalik  otters  presenting  no 
sort  of  affinity  with  any  of  the  existing  Indian  species,  but  very  closely  allied  to  a 
living  South  African  species,  of  which  it  is  highly  probable  that  it  is  the  direct 
ancestor.  This  relationship  affords  another  well-marked  instance  of  the  intimate 
connection  of  the  tertiary  fauna  of  India  with  the  present  African  fauna. 

Distribution. — The  two  specimens  above  described,  both  obtained  from  the 
Punjab,  are  the  only  known  remains  of  the  species.  As  remains  of  Lutra 
palceindica  are  known  only  from  the  more  easterly  Siwaliks  it  is  possible  that  these 
two  species  lived  on  the  opposite  sides  of  India,  although  considering  the  paucity  of 
their  remains  it  is  hazardous  to  draw  any  very  positive  conclusions. 
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Species  3.  Lutra  sivalensis,  (Falc.  and  Cant.) 

Synonyms.  Enhydriodon  sivalensis , F.  and  C. 

,,  ferox , F.  and  C. 

Amyxodon,  sp.,  F.  and  C. 

History. — In  a memoir  written  in  1843,  but  not  published  till  1868,  after  his 
death,1  Dr.  Falconer  described  certain  remains  from  the  Siwaliks,  of  a lutrine  animal 
1 as  large  as  a panther,’  under  the  new  generic  name  of  Enhydriodon ,2  which  was  to 
replace  the  name  Amyxodon  which  iiad  previously  been  applied  to  the  same  remains, 
without  description.3  In  the  memoir  on  Enhydriodon  no  specific  name  was  applied  to 
the  specimens  described.  In  the  description  of  the  supplemental  plate  P.  of  the 
“Fauna  Antiqua  Sivalensis,”4  probably  taken  from  Dr.  Falconer’s  notes,  the 
specimens,  which  are  there  figured,  are  named  Enhydriodon  ferox.  In  the  “ Palaeonto- 
logical Memoirs,”  however,  the  specimens  are  figured  (plate  XXVII.)  under  the 
name  of  Enhydriodon  sivalensis ; and  it  is  said5  that  the  specimens  (now  in  the  British 
Museum)  were  so  labelled  by  Dr.  Falconer,  after  the  lithographing  of  the  plate  in 
the  “ F.A.S.”  If  this  be  so,  it  seems  that  the  name  sivalensis  was  intended  to  be 
used  by  Dr.  Falconer,  and -as  it  is  preferable  to  ferox  it  seems  on  the  whole  better  to 
adopt  it.6  In  the  original  memoir  there  are  indications  that  Dr.  Falconer  considered 
that  there  were  two  species  of  the  genus;  but  no  specimens  of  the  second  and 
smaller  form  are  now  forthcoming. 

It  will  be  shown  in  the  sequel  that  with  the  materials  now  available  (which  are 
more  complete  than  those  accessible  to  Dr.  Falconer),  the  teeth  of  the  Siwalik  fossil 
do  not  appear  to  afford  sufficient  grounds  for  separating  it  generically  from  the  true 
otters  ; and  it  will  accordingly  be  referred  to  the  genus  Lutra , with  the  specific  title 
of  sivalensis. 

Cranium. — In  his  original  memoir  Dr.  Falconer  described  three  portions  of  the 
cranium  of  the  so-called  Enhydriodon , all  of  which  are  now  in  the  British  Museum, 
and  are  figured,  of  the  natural  size,  in  plate  P.  of  the  “ Fauna  Antiqua  Sivalensis,” 

1 “ Paleontological  Memoirs,”  vol.  I.,  p.  331. 

2 This  name  is  derived  from  Enhudris,  the  Greek  name  for  the  otter,  and  as  the  name  of  the  living  sea-otter  ( Enhydris 
or  Enhydra ) is  derived  from  the  same  word,  it  has  heen  considered  by  some  (the  writer  among  the  number)  that  the  name 
Enhydriodon  was  intended  to  signify  that  the  genus  was  allied  to  Enhydris.  This,  however,  Dr.  Falconer  expressly  states 
is  not  the  case  (“  Pal.  Mem.,”  vol.  I.,  p.  332,  note).  On  account  of  this  tendency  to  mislead  the  name  Enhydriodon  is  an 
exceedingly  objectionable  one. 

3 ‘Jour.  Asiat.  Soc.  Bengal,’  vol.  IV  , 1836,  p.  707,  and  Royle,  “Illustrations  of  the  Botany,  etc.,  of  the  Himalaya 
Mountains,”  vol.  I.,  p.  31. 

4 Palseontologieal  Memoirs,”  vol.  I.,  pp.  552-3.  5 Ibid,  p.  331,  note. 

6 The  author  must  plead  guilty  to  having  previously  used  these  names  somewhat  indiscriminately. 
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and  also,  of  about  half  the  natural  size,  in  plate  XXVII.  of  the  first  volume  of  the 
“ Palaeontological  Memoirs.”  In  addition  to  these  specimens  there  is  a specimen  of 
the  facial  portion  of  the  skull  in  the  Museum, of  the  Royal  College  of  Surgeons,  obtained 
from  the  Siwaliks,  and  presented  by  the  late  Rev.  R.  Everest.  This  specimen  (by 
the  permission  of  the  Curator  of  the  Museum)  has  been  (for  the  first  time)  figured 
from  the  palatal  aspect  in  figure  5 of  plate  XXVII.  of  the  present  memoir ; and 
since  its  cheek-teeth  are  in  better  preservation  than  those  of  any  of  the  other 
specimens,  it  is  mainly  these  teeth  that  are  compared  with  those  of  other  species  of 
otters. 

It  may  be  observed  in  the  first  place  that  all  the  four  skulls  exhibit  essentially 
lutrine  characters  ; — more  particularly  the  shortness  of  the  facial  portion  of  the  skull, 
the  post-orbital  contraction  of  the  frontals,  the  sudden  lateral  expansion  of  the  brain- 
case,  and  the  enormous  relative  size  and  extreme  shortness  of  the  infra-orbital 
foramen  for  the  passage  of  the  fifth  nerve  (“  Pal.  Mem.,”  jdI.  XXVII.,  fig.  1).  The 
skulls  show  a considerable  amount  of  variation  in  the  relative  degree  of  development 
of  the  sagittal  crest,  probably  indicating  differences  of  sex  and  age  in  the  different 
specimens.  In  the  specimen  figured  in  the  present  memoir  this  crest  is  very 
prominently  developed  ; whence  it  may  probably  be  inferred  that  the  skull  belonged 
to  a fully  adult  male.  The  same  may  also  be  affirmed  of  the  skull  represented 
in  figure  5 of  the  above-mentioned  plate  of  the  “ Palaeontological  Memoirs  ”; 
whereas  the  other  two  skulls  in  the  same  plate  probably  belonged  to  female 
individuals.  The  skull  represented  from  the  palatal  aspect  in  figure  4 of  the  same 
plate,  which  is  the  only  one  with  the  brain-case,  shows  that  the  auditory  bulla  was 
triangular  and  depressed,  as  in  the  living  otters. 

The  state  of  preservation  of  the  crania  is  not  sufficiently  perfect  to  admit  of 
any  closer  comparisons ; but  there  are  no  indications  of  any  characters  generically 
different  from  those  of  the  living  otters. 

Upper  dentition. — In  the  specimen  represented  in  figure  5 of  plate  XXVII.  there 
are  shown  the  complete  true  molars  and  carnassials  of  each  side  : there  are  also 
shown  the  bases  of  pm.  3,  but  no  traces  of  pm.  2.  The  alveoli  of  the  canines,  and  of 
the  three  incisors  are  also  shown  : the  latter  somewhat  indistinctly.  In  the  specimen 
represented  in  figure  2 of  the  above-mentioned  plate  of  the  u Palaeontological 
Memoirs  ” the  alveoli  of  pm.  2 are  distinctly  shown. 

The  complete  dentition  is,  therefore,  numerically  the  same  as  that  of  the  otter 
represented  in  the  woodcut  (fig.  2)  on  page  187.  Commencing  with  m.  1,  it  will  be 
found  that  this  tooth  has  precisely  the  same  form  as  the  corresponding  tooth  of  the 
otter  represented  in  figure  1 of  the  same  plate,  which  has  been  shown  to  be  related 
to  the  long-clawed  otters.  The  cusps  on  this  tooth  correspond  precisely  to  the  cusps 
of  the  tooth  of  the  otter  figured  on  page  187.  In  the  carnassial  (pm.  4),  however  } 
there  are  very  considerable  differences  from  the  corresponding  tooth  of  all  living 
otters.  To  illustrate  more  fully  these  differences,  the  left  upper  carnassial,  partly 
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Fig.  3.  Lutra  ( Enhydriodon ) 
sivalensis : left  upper  car- 
nassial,  broken  on  the  outer 


broken  on  the  outer  side,  of  one  of  the  above-mentioned  skulls  in  the 
British  Museum  (“  Pal.  Mem.,”  loc.  cit .,  fig.  5)  has  been  figured 
in  the  accompanying  woodcut  (fig.  3).1  A comparison  of  this 
woodcut  and  of  the  figure  of  pm.  4 in  plate  XXVII.,  figure  5, 
with  the  corresponding  tooth  of  the  otters  given  in  figure  1 of  the 
same  plate,,  and  in  the  woodcut  on  page  1 87,  will  show  that  the  inner 
or  tubercular  part  of  this  tooth,  in  place  of  consisting  of  a single 

side,  from  a skull  m the  mikrokeii  semicircular  trenchant  ridge,  consists  of  three  distinct 
British  Museum  (No.  37,155)  # . 

from  the  siwaiiks : nat.  size,  cusps,  or  mammillae,  placed  on  the  line  of  a semicircle,  and  of  which 
the  median  cusp  is  much  smaller  than  either  of  the  other  two.  The  blade,  or  outer 
part,  of  the  carnassial  is  constructed  on  the  same  general  plan  in  the  recent  and 
fossil  forms  ; but  in  the  latter  the  anterior  cusp,  which  is  very  minute  in  the  former, 
becomes  much  more  developed,  and  thereby  gives  to  this  part  of  the  crown  a 
distinctly  tricuspid  form.  In  the  form  of  the  outline  of  its  base  the  crown  of  this 
tooth  differs  but  little  from  the  carnassial  of  Lutra  leg  tony x (p.  187),  which  was 
shown  to  differ  from  the  corresponding  tooth  of  the  long-clawed  otters  by  the  larger 
size  of  the  tubercular  portion:  the  carnassial  of  the  fossil  Siwalik  form  is  in 
this  respect  only  one  more  step  in  the  relative  degree  of  development  of  the 
tubercular  portion. 

The  differences  indicated  above  between  the  form  of  the  carnassial  in  the  fossil 
and  the  living  otters,  if  no  intermediate  form  existed,  might  be 
sufficient  to  indicate  generic  distinction  between  the  two.  It 
happens,  however,  that  such  an  intermediate  form  exists  in  Lutra 
camjoani  of  the  miocene  of  Monte-Bamboli  in  Tuscany.  This 
species  was  described  in  1862  by  Professor  Gf.  Meneghini2  on  the 
evidence  of  two  specimens  of  the  palate.  Of  one  of  these 
specimens3  there  is  a plaster  cast  in  the  British  Museum,  from 
which  the  right  carnassial  tooth  has  been  figured  in  the  accom- 
panying woodcut  (fig.  4).  This  tooth  belongs  to  the  opposite 
side  of  the  skull,  to  the  tooth  of  Lutra  sivalensis  figured  in  the  previous  woodcut 
(fig.  3),  but  corresponds  to  the  carnassial  (pm.  4)  on  the  right  side  of  the  figure  of 
the  palate  in  plate  XXVII.,  figure  5.  Owing  to  the  distorted  condition  of  the 
palate  to  which  it  belongs,  it  has  been  figured  with  its  outer  ridge  ( right  side  of  figure) 
running  nearly  parallel  to  the  long  diameter  of  this  page,  in  place  of  inclining  from 
the  north-east  to  the  south-west  angle.  It  will  be  seen  that  the  blade  of  this  tooth 
resembles  that  of  the  carnassial  of  the  living  otters,  in  having  only  a very  minute 
anterior  cusp.  The  inner,  or  tubercular  portion,  of  the  crown,  in  place  of  bearing  a 
completely  semicircular  ridge  joining  the  blade  at  both  extremities,  merely  carries  a 
curved  ridge,  with  a distinct  cusp,  or  tubercle,  at  its  anterior  extremity  (left  lower 

1 At  the  time  this  woodcut  was  drawn  the  author  was  not  aware  that  the  College  of  Surgeons  specimen  showed  the 
unbroken  carnassials. 

2 ‘ Atti.  del.  Soc.  Ital.  di.  Sci.  Nat.,’  vol.  IV.,  pi.  Ia.  , p.  18.  3 Figure  1 of  Professor  Meneghini’s  plate. 


Fig.  4.  Lutra  campani. 
Mgh.  Eight  upper  car- 
nassial, from  the  cast  of  a 
palate  in  the  British  Museum 
(No.37,347)fromthemiocene 
of  Monte-Bamboli,  in  Tus- 
cany : nat.  size. 
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angle  of  figure ):  this  ridge  and  cusp  are  separated  from  the  blade  by  a distinct  open 
valley.  The  anterior  cusp  corresponds  precisely  to  the  anterior  cusp  of  the  tubercular 
portion  of  the  carnassial  of  L.  sivalensis,  while  the  ridge  corresponds  to  the  united 
middle  and  hinder  cusps  of  the  latter.  In  the  second  specimen  figured  by  Professor 
Meneghini1  the  tubercular  portion  of  the  carnassial  has  two  distinct  cusps,  connected 
by  a very  low  ridge,  and  agreeing  precisely  in  position  with  the  two  main  cusps  on 
the  tubercle  of  the  carnassial  of  L.  sivalensis.  The  carnassial  of  L.  campani , in  its 
two  varieties,  affords,  therefore,  a complete  transition  between  the  corresponding 
tooth  of  L.  sivalensis  and  L.  leplonyx ; the  latter  passing  on  to  the  carnassial  of  the 
long-clawed  otters  [e.g.,  L.  palceindica) . 

Leaving  m.  1 and  pm.  4,  attention  may  now  be  directed  to  the  anterior  teeth  of 
Lutra  sivalensis.  None  of  the  four  specimens  of  the  skull  show  the  complete  pm.  3 ; 
but  the  base  of  this  tooth  is  shown  in  the  specimen  figured  in  this  memoir.  In  spite  of 
the  opinion  expressed  by  Dr.  Falconer  to  the  contrary,  this  tooth  appears  to  be  very 
similar  to  the  corresponding  tooth  of  the  living  otters,  having  a similar  strongly 
developed  cingulum  : its  main  cusp  is,  however,  not  improbably  slightly  lower.  The 
second  premolar,  as  already  observed,  has  been  shed  in  the  skull  figured  in  this 
memoir,  but  its  minute  alveolus  exists  in  one  of  the  skulls  in  the  British 
Museum  : this  tooth  is  present  in  the  palate  of  L.  campani.  None  of  the  skulls  show 
any  trace  of  pm.l,  which  is  also  absent  in  L.  campani. 

With  regard  to  the  incisors,  Dr.  F alconer’s  original  description  may  be  quoted 
in  full.  He  observes  “ The  incisors  are  of  the  normal  number,  three  on  each  side, 
the  two  interior  of  which  are  shown  by  their  transverse  section  to  have  been  very 
compressed,  their  length  being  three  times  their  width.  This  compression,  so  much 
greater  than  what  is  seen  in  either  Lutra  or  Enhydra  \E'nKydris],  or  in  any  other 
described  Mustelidce,  is  palpably  connected  with  the  enormous  development  of  the 
outer  incisor  on  either  side,  which  relatively  exceeds  that  of  any  known  Carnivora. 
This  lateral  incisor  evidently  served  as  a subsidiary  canine,  and  the  only  analagous 
case  which  occurs  to  us  is  found  in  a very  different  family,  the  Ruminantia,  where 
the  upper  lateral  incisor  puts  on  the  form  and  development  of  a canine  in  the  Camel. 
In  one  of  the  specimens  [“  Pal.  Mem.”  loc.  cit.  fig.  2.]  the  base  of  this  tooth,  with 
the  other  incisors,  remains  in  the  jaw,  broken  off  on  a level  with  the  alveolus,  and 
enables  us  to  determine  its  relative  size  with  precision.  The  section  of  the  fang 
shows  a very  broad  oval ; the  dimensions,  as  contrasted  with  those  of  a large  Indian 
otter  [?  Lutra  naif],  are — 

Fossil.  Recent. 

“ Antero-posterior  diameter  of  outer  incisor 0'45  ..  0'17 

Transverse  ,,  >,>,>>  0-37  ..  0-12 

Antero-posterior  „ ,,  middle  ,,  . . ...  0-33  ..  0-14 

Transverse  ,,  ,,  ,,  ,,  0-14  ..  0'1 

Antero-posterior  „ ,,  inner  ,, 0-25  ..  0‘9 

Transverse  ,,  ,,  ‘ ,,  ,,  . . . . . 0‘9  ..  0’8 

“In  the  younger  animal  to  which  [this]  head  belonged,  the  incisors  are  all  present ; 

l Figure  2 of  plate  Ia.  of  the  memoir  cited. 
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but  in  the  older  head  [Ibid,  fig  5]  the  middle  incisors  are  not  only  wanting,  but  the 
alveoli  are  completely  filled  up  and  obliterated,  there  being  nothing  but  a blank  space 
between  the  outer  incisors.  . . . .” 

“The  canines  of  the  upper  jaw,  like  the  lateral  incisors,  were  proportionately 
large,  and  of  great  strength  and  massiveness.  A section  of  the  right  one  is  got  in 
the  head,  fig.  5,  of  a circular  form.  The  dimensions  are  antero-posterior  lines, 
transverse  ditto  4f . In  the  >Qad,  fig.  2,  both  the  canines  had  dropped  out,  and  the 
two  alveolar  cavities  are  exposed,  showing  that  the  fang  was  comparatively  short,  and 
much  dilated,  evincing  a resemblance  in  this  respect  to  the  canines  of  the  Seals.” 

In  the  specimen  represented  in  figure  5 of  plate  XXVII  of  the  present  memoir, 
merely  the  alveoli  of  the  canines  and  incisors  remain  : these  shew  that  the  middle 
incisors  had  not  been  shed  during  the  life  of  the  animal.  It  may  be  remarked  that 
while  in  the  living  otters  the  antero-posterior  diameter  of  the  base  of  the  canine  is 
considerably  less  than  the  corresponding  diameter  of  pm.  3 ; in  the  fossil  form  the 
former  diameter  is  considerably  the  larger  of  the  two.  This  is  shown  in  the  following 
measurements  of  the  teeth  of  the  skull  figured  in  plate  XXVII,  fig.  5. 


Length  of  ml 0'55 

Width  ,,  ,, 0-8 

Length  ,,  pm.4 0‘7 

Width  „ „ 07 

Length ,,  pm.3  . 0'4 

Width  . ; 0-35 

Ant.  post.  diam.  of  alveolus  of  canine 0‘63 

Transverse  „ ,,  ,,  0-54 


In  Lutra  eampani  the  proportions  of  the  canines  and  incisors  are  almost  precisely 
the  same  as  in  the  Siwalik  form. 

Summary. — The  foregoing  observations  indicate  that  the  so-called  Enhydriodon 
was  a lutrine  animal  considerably  larger  than  any  existing  otter,  with  which,  however, 
it  agreed  in  the  form  of  the  skull.  Moreover,  in  the  young  state  the  dentition  agreed 
numerically  with  the  condition  in  which  it  frequently  exists  in  one  of  the  living  otters 
(L.  leptonyx ),  although  pm.  2 and  one  of  the  incisors  were  generally,  or  occasionally, 
shed  as  age  advanced.  The  general  form  of  the  teeth  makes  a very  near  approach  to 
that  of  the  living  otters ; the  main  points  of  distinction  being  in  the  form  of  pm.  4, 
and  in  the  relatively  greater  size  of  the  canine  and  outer  incisor.  In  the  extinct 
Lutra  eampani , which  was  somewhat  smaller  than  the  Siwalik  form,  the  proportionate 
size  of  the  canine  and  incisors  is  approximately  the  same  as  in  the  latter ; the  form 
of  pm.  4 is,  however,  intermediate  between  that  of  the  latter  and  of  existing  species 
of  j Lutra,  but  perhaps  nearer  to  the  Siwalik  fossil  than  to  the  living  forms.  In  the 
whole  of  its  dentition  this  form  is,  therefore,  precisely  intermediate  between  existing 
otters  and  the  Siwalik  form.1  If  L.  eampani  be  referred  to  the  genus  Lutra , the  so- 
called  Enhydriodon  cannot  be  distinguished  by  any  well-marked  characters  from  that 

l It  should  be  observed  that  Dr.  Falconer’s  memoir  on  ^Enhydriodon  was  not  published  at  the  date  of  Frof.  Meneghini’s 


memoir. 
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genus ; wliile  if  L.  campani  be  referred  to  Enhyclriodon , there  is  equally  no  sufficient 
distinction  between  that  genus  and  Lutra.  If  L.  campani  were  referred  to  a new 
genus,  and  the  genus  Enhyclriodon  retained,  the  characters  of  these  genera  would  be 
equally  ill-defined,  and  unsatisfactory,  and  it  seems,  therefore,  on  the  whole  to  be 
the  j)referable  course  to  merge  all  the  forms  in  the  genus  Lutra  ; Enhydrioclon,  if  it 
be  retained  at  all,  not  ranking  higher  than  an  ill-defined  sub-genus,  probably  including 
L.  campani.  The  variation  in  the  form  of  the  teeth  of  the  genus  Lutra  as  thus 
extended  will  not  be  greater  than  those  existing  in  the  genus  Ursus. 

Although  the  foregoing  conclusions  indicate  a considerable  range  of  variation  in 
the  form,  number,  and  proportions  of  the  dentition  of  the  otters,  they  do  not  afford 
any  indications  of  the  genetic  affinity  of  the  group  to  the  other  carnivores.  The 
suppression  and  early  shedding  of  certain  of  the  teeth  in  Lutra  siyalensis  indicates 
indeed  that  this  form  is  even  more  highly  specialized  than  most  of  the  living  otters, 
and  that  its  nearest  living  ally  is  L.  leptonyx  : it  cannot,  therefore  be  in  any  sense 
regarded  as  an  ancestral  form  of  otter ; an  inference  confirmed  by  the  fact  that  it  existed 
side  by  side  with  otters  of  the  same  type  as  the  existing  species.  The  most  probable 
truly  ancestral  form  of  otter  is,  as  already  observed,  the  so-called  lutrictis  valetoni,1 
of  the  miocene  of  the  Continent,  in  which  m.  2 was  developed  as  a minute  tooth,  while 
m.  1 had  not  assumed  the  quadrangular  form  characteristic  of  the  true  otters : and  in 
which  the  four  premolars  were  placed  behind  the  canine,  indicating  that  the  shortening 
of  the  muzzle  so  characteristic  of  the  true  otters  had  not  then  taken  place.  Even  in 
Lutrictis , however,  the  upper  carnassial  had  assumed  the  characteristic  lutrine  form, 
indicating  that  the  ancestors  of  the  group,  connecting  it  with  the  purely  land 
mustelines,  must  be  sought  in  an  earlier  stage  of  the  world’s  history. 

Judging  from  the  'size  of  its  teeth  Lutra  sivalensis  must  have  attained  to  a con- 
siderably larger  size  than  Lutra  sandbachi  (Gray)2  of  Demerara,  the  largest  existing 
species  of  otter,  the  total  length  of  which  is  given  by  Dr.  Gray  as  67  inches  (head 
and  body  43  in.,  tail  24  in.) 

Alleged  mandible. — On  page  337  of  the  first  volume  of  the  u Palaeontological 
Memoirs,”  there  is  published  a manuscript  note  of  Dr.  Falconer’s  relating  to  the  lower 
jaw  of  a carnivore  from  the  Siwaliks,  considered  to  belong  to  Enhyclriodon.  The 
specimen  on  which  this  note  is  founded  is  now  in  the  British  Museum,  and  has  been 
referred  by  Mr.  Bose  to  the  genus  Ganis.3 

Distribution. — The  four  skulls  mentioned  above  are  the  only  known  remains  of 
this  species,  and  it  is  remarkable  that  all  these  specimens  were  obtained  in  the  region 
of  the  typical  Siwalik  Hills,  in  the  neighbourhood  of  the  Ganges  and  Jumna  valleys ; 
and  that  not  a single  specimen  belonging  to  this  species  has  been  obtained  by  Mr. 
Theobald,  among  the  thousands  of  fossils  collected  by  him  from  the  Siwaliks  of  the 
Punjab. 

1 Gaudry,  “ Les  Enchainements  du  Monde  Animal,  etc.,  Mammiferes  Tertiaires,”  fig.  290. 

2 “ Catalogue  of  Carnivora,  etc.,  in  British  Museum,”  figs.  16-17,  pp.  116-7. 

3 “ Quar.  Jour.  Geol.  Soc.,”  Vol.  XXXVI.,  p.  135  : vide  infra. 


SIWALIK  AND  NARBADA  CARNIVORA. 


25—202 


Family  II. — URSID2E. 

Extent  of  family. — In  the  first  part  of  the  “ Enchainements  du  Monde  Animal  ” 
Professor  Gaudry1  has  shown  that  in  spite  of  the  great  distinctions  now  separating 
the  bears  and  the  dogs,  — distinctions  of  such  importance  as  to  be  ranked  of  sub- 
ordinal value, — there  are  the  strongest  indications  that  in  past  times  these  distinctions 
did  not  exist,  but  that  there  was  a complete  passage  from  the  one  to  the  other.  It 
is  true  that  to  a.  great  extent  the  evidence  for  such  a passage  is  afforded  solely  by 
the  characters  of  the  cheek-teeth,  but  there  is  also  some  evidence  from  other  parts 
of  the  skeleton,  and  if  it  be  remembered  how  different  are  the  molar  teeth  of  the 
bear  and  the  dog,  it  is  only  reasonable  to  assume  that  if  fossil  forms  indicate  a 
complete  passage  in  this  respect  from  the  one  to  the  other,  an  analogous  transition 
obtained  in  all  other  parts  of  the  skeleton.  In  any  case  until  the  evidence  of  the 
dentition  and  such  other  part  of  the  skeleton  as  is  available  be  contradicted  by  other 
evidence  the  only  logical  course  is  to  accept  the  former. 

Since  the  publication  of  Professor  Gaudry’ s work  some  highly  important 
observations  have  been  recorded  by  Dr.  H.  Filhol2  in  regard  to  three  fossil  Carnivora 
generally  known  as  Hycenarctos  hemicyon , Dinocyon  thenardi , and  Cephalogale  geoffroyi , 
which,  taken  in  conjunction  with  the  evidence  afforded  by  specimens  described  in 
the  sequel  of  the  present  memoir,  shows  this  relationship  still  more  clearly.  In 
regard  to  those  three  species,  it  is  concluded  that  the  first  does  not  belong  to  the 
genus  Hycenarctos  (from  which  it  is  distinguished  by  the  more  dog-like  form  of  the 
upper  true  molars),  but  is  in  all  probability  generically  the  same  as  the  second, 
which  in  respect  of  such  part  of  its  dentition  as  is  known  agrees  very  closely  with 
the  dogs.  In  his  description,  led  astray  by  an  erroneous  determination  of  Prof. 
Owen  in  regard  to  the  lower  carnassial  of  Hycenarctos , M.  Filhol  thought  that 
Dinocyon  thenardi  had  no  affinity  with  that  genus.  It  will,  however,  be  shown  below 
that  the  lower  carnassials  of  both  genera  are  constructed  on  the  type  of  that  of  the 
dogs ; and  that  the  upper  carnassial  of  the  species  which  may  in  future  be 
provisionally  termed  Dinocyon  hemicyon 3 is  constructed  on  the  type  of  that  of 
Hycenarctos.  It  will  also  be  shown  that  in  respect  of  the  upper  true  molar  teeth 

1 “Mammiferes  Tertiaires,”  p.  211,  et.  seq. 

2 “ Notes  sur  quelques  Mammiferes  de  l’Epoque.  Miocene  (Observations  relatives  au  Carnassiers  signale  par  Jourdan  sous 
le  nom  de  Dinocyon  Thenardi),”  Lyon,  1881,  p.  43,  pis.  II. -III.  (‘  Arch.  d.  Mus.  d’Hist.  Nat.  d.  Lyon.,’  vol.  III.). 

3 The  genus  Eemicyon  was  founded  in  1851  by  the  late  M.  Ed.  Lartet  (“Notice  sur  la  Colline  de  Sansan,”  p.  16),  on 
the  evidence  of  the  upper  molars  of  a dog-like  carnivore  from  Sansan,  considered  to  be  allied  to  Amphieyon,  and  named 
H.  sansaniemis.  Subsequently  two  other  specimens  of  the  upper  dentition  of  a carnivore  considered  to  be  probably  the  same 
as  the  Eemicyon  of  Lartet  were  described  and  figured  by  the  late  Prof.  Gervais  (“  Zoologie  et  Paleontologie  Framjaises,” 
2nd  ed.,  pi.  LXXXI.,  figs.  8-9)  under  the  name  of  Eycenarctos  hemicyon.  As  it  is  pretty  certain  that  these  specimens  do  not 
belong  to  Eycenarctos , and  as  there  is  some  doubt  whether  they  are  the  same  as  Lartet’s  Eemicyon , it  seems  best  to  adopt  the 
name  Dinocyon  for  the  genus  to  which  they  belong,  although  the  former  name  has  the  priority.  There  is  a slight  difference 
between  the  two  specimens  figured  by  Gervais,  but  this  may  not  be  more  than  individual  variation. 
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there  is  an  almost  complete  transition  from  the  true  bears  through  Bycenarctos  (which 
undoubtedly  is  essentially  a bear)  to  Dinocyon , and  so  through  Gephalogale  to  Ganis. 
Gephalogale  is  classed  by  M.  Filhol  as  closely  related  to  the  dogs,  and  also  to  Dinocyon , 
and  it  seems  impossible  to  separate  it  from  the  modern  Canidce  by  any  character  of 
more  than  generic  value. 

In  another  article  in  the  same  memoir,1  M.  Filhol  has  shown  the  intimate 
relationship  exhibited  by  Amphicyon  and  Gynodictis  to  the  dogs  on  the  one  hand,  and 
to  the  bears  on  the  other,  and  comes  to  the  conclusion  that  these  two  genera  probably 
took  origin  from  a common  stock;  the  former  being  not  improbably  the  direct 
ancestor  of  the  dogs,  and  the  latter  of  the  Viverridce.  It  is  at  the  same  time 
suggested  that  the  former,  which  is  described  as  having  the  head  of  a dog  and  the 
limbs  of  a bear,  may  have  been  on  the  ancestral  line  of  the  bears,  though  there  was 
not  sufficient  evidence  to  fully  establish  this  point.  Such  evidence  it  is  here 
submitted  is  afforded  by  the  relationship  of  the  dentition  of  Bycenarctos  to  Dinocyon 
and  thus  to  Gephalogale  and  Amphicyon. 

On  this  evidence  it  appears  to  the  present  writer,  at  all  events  for  palaeonto- 
logical purposes,  to  be  impracticable  to  continue  to  refer  the  bears  and  the  dogs  to 
separate  families  ; as  if  this  be  done  it  is  absolutely  impossible  to  say  with  which  of 
the  two  Dinocyon  should  be  classed  ; since  from  its  upper  true  molars  it  should  be 
referred  to  the  dogs,  from  its  upper  carnassial  to  the  hysenarctoid  bears,  and  from  its 
lower  carnassial  to  both. 

For  this  provisional  conjoint  family  is  seems  best  to  adopt  the  name  Drsidce, 
making  it  to  comprehend  the  two  modern  families  of  the  Drsidce  and  the  Canidce.  In 
respect  of  other  anatomical  characters,  it  is  already  known  that  while  the  modern 
bears  are  plantigrade  and  pentedactylate,  and  the  modern  dogs  digitigrade  with  only 
four  anterior  digits,  there  is  good  reason  to  believe  that  the  extinct  dog-like  genera 
Amphicyon  and  Cynodictis  were  plantigrade  and  pentedactylate.  The  limb-bones  of 
Amphicyon  are  described  by  M.  Filhol  in  the  memoir  quoted  as  being  precisely 
intermediate  between  those  of  the  dogs  and  the  bears.  In  their  cranial 
characters  Prof.  Flower  remarks2  that  the  modern  Cynoidea  ( Canidce ) are  intermediate 
between  the  modern  Arctoidea  ( Drsidce , Frocyonidce , and  Mustelidce ) and  the 
AEluroidea  ( Viverridce,  Hycenidce  and  Felidae ),  and  there  is  therefore  no  improbability 
that  fossil  forms  should  exhibit  a complete  transition  from  the  canoid  to  the  arctoid 
type  of  cranium.3  It  unfortunately  happens  that  in  many  of  the  transitional  forms 
(e.g.  Bycenarctos , and  Dinocyon ,)  the  base  of  the  cranium  when  known  at  all,  is  too 
imperfect  for  its  characteristic  points  to  be  determined.  In  Amphicyon , however,  M. 
Filhol  has  shown4  that  there  are  certain  characters  of  the  base  of  the  cranium  (notably 
the  minute  size,  or  total  absence,  of  a septum  in  the  auditory  bulla,5  and  the  presence 

1 Op.  cit.,  p.  70,  “ Observations  relatives  aux  Chiens  Actuels,  et  aux  Carnassiers  Fossiles  s’en  Kapprochant  le  plus.” 

2 ‘Pro.  Zool.  Soc.,’  1869,  p.  24. 

3 The  difficulty  of  distinguishing  the  Canidce  from  the  Viverridce  will  be  mentioned  below.  4 Op.  cit.,  pp.  84-5. 

5 This  septum  is  fully  developed  in  the  cats,  absent  in  the  bears,  and  half  developed  in  the  dogs. 
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of  post-parietal  and  mastoid  foramina),  which  are  essentially  arctoid.  Such  cranial 
evidence  as  there  is,  points,  therefore,  in  the  direction  of  the  amalgamation  of  the 
arctoid  and  canoid  cranial  types.  Should  future  discoveries  show  that  the  crania  of 
the  former  genera  strictly  conform  either  to  the  arctoid  or  the  canoid  type,  then  the 
question  of  the  re-establishment  of  the  TJrsidce  and  Oanidce  as  distinct  families  (if 
families  have  not  to  be  abolished  altogether)  may  be  taken  into  consideration.  In 
the  meantime  the  author  sees  no  other  course  but  to  unite  them. 

It  is  at  present  impossible  to  give  any  definition  of  the  family  TJrsidce  as  thus 
extended.  The  upper  true  molars  are  very  generally  two  in  number,  but  there  may 
be  either  (occasionally)  one  ( Icticyon ),  three  ( Amphicyon ),  or  four  ( Otocyon ):  the  lower 
true  molars  are  generally  three,  but  may  be  only  two  {Gy on)  or  four  {Otocyon).  The 
first  upper  true  molar  is  invariably  placed  directly  behind  the  carnassial ; and  in 
general  the  crowns  of  the  true  molars  are  well-developed : in  the  upper  jaws  they 
may  vary  in  shape  from  oblong  {TJrsus),  through  a square  {Hycenarctos),  to  triangular 
{Cams). 

Although,  as  above  said,  it  is  logically  impossible  to  draw  any  divisions  of  family 
value  between  the  different  genera  of  the  TJrsidce  as  thus  extended,  yet  the  con- 
venience of  having  some  division  for  working  purposes  among  such  a multitude  of 
genera  is  so  great,  that  it  will  be  found  advisable  to  rank  the  most  bear-like  genera 
under  one  arbitrary  group,  and  the  most  dog-like  genera  under  another.  These  two 
groups  may  respectively  be  termed  TJrsince  and  Canince,  and  their  most  typical  repre- 
sentatives will  be  the  members  of  the  modern  families  TJrsidce  and  Oanidce.  The 
genus  Dinocyon  will  be  ranked  under  the  first  group,  on  account  of  at  least  one  of  its 
species  having  an  upper  carnassial  of  the  Hycenarctos  type,  but  it  must  be  distinctly 
understood  that  its  separation  from  the  true  dogs  is  a purely  arbitary  one,  it  being 
connected  with  that  group  through  Cephalogale  just  as  intimately  as  it  is  with  the  bears 
through  Hycenarctos. 


Group  A:  UBSINHJ. 

Genera. — The  existing  bears  are  frequently  divided  into  two  or  more  genera,  but 
for  palaeontological  purposes  it  seems  best  to  include  all  the  forms  under  one  genus. 
Adopting  this  course  the  number  of  genera  which  may  be  ranked  in  the  present 
arbitrary  group  are  probably  five,1  viz.:  fflluropus,  TJrsus , Arctotheriumi{Arctoidotherium), 
Hycenarctos , and  Dinocyon.  Of  these  the  two  first  are  alone  existing,  and  the  second 
is  taken  to  include  the  whole  of  the  true  bears.  The  third  is  from  the  pleistocene  of 
South  America  ; while  the  fourth  and  fifth  are  from  the  pliocene  and  miocene  of 
North  America. 

1 Leptarctus,  Leidy,  of  the  tertiaries  of  N.  America  though  classed  hy  Prof.  Leidy  with  the  TJrsidce  (“  Extinct  Mammalian 
Fauna  of  Dakota  and  Nebraska,”  p.  70,)  is  allied  to  Nasua,  and,  therefore,  belongs  to  the  Procyonidce.  Metarctos  of  Pikermi 
probably  belongs  to  a distinct  family,  unless  it  indicates  the  unity  of  the  TJrsidce  and  Viverridce.  Arctocyon  (Palceocyon,  Blain, 
not  Lund),  is  the  type  of  Prof.  Cope’s  family  Arctocyonidce,  classed  under  his  order  Creodonta. 

2 The  history  of  this  genus  will  he  found  below,  under  the  head  of  Eycenarctos. 
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Dentition. — Regarding  the  cheek-teeth,  and  especially  those  of  the  upper  jaw, 
it  may  be  predicated  of  the  entire  group  that  the  true  molars  are  always 
two  in  number  in  the  upper,  and,  with  one  exception,  three  in  the  lower  jaw, 
but  they  vary  very  considerably  both  in  the  form  of  the  outline  of  the  crown, 
and  in  the  relative  degree  of  development  of  their  four  main  cusps.  In  the 
upper  jaw  the  outer  pair  of  cusps,  or  lobes,  are  generally  distinct,  ■ while  the  inner 
pair  are  very  generally  confluent  into  an  antero-posterior  ridge.  In  Ursus  the  crowns 
of  the  upper  true  molars  are  always  longer  than  broad,  while  in  Bycenarctos  they  are 
generally  more  or  less  nearly  square,  but  in  some  forms  they  have  a tendency  to  the 
obliteration  of  the  internal  angles  of  the  crown,  and  thus  pass  imperceptibly  into  the 
transversely  elongated  molars  of  Dinocyon  and  the  true  dogs  : this  subject  will  be 
more  fully  noticed  in  the  sequel. 

Coming  to  the  upper  carnassial  it  will  be  found  that,  when  known,  this  tooth  is 
always  of  a more  or  less  triangular  form  ; and  that  (with  the  exception  of  Mluropus) 
its  ‘ blade  ’ or  outer  portion,  normally  consists  of  two  main  cusps  or  lobes  : in  some 
genera,  however,  ( Bycenarctos ) an  anterior  cusp,  or  talon,  is  developed,  partaking  more 
or  less  completely  of  the  character  of  a third  lobe : the  inner,  or  tubercular  portion, 
normally  consists  of  a single  cusp : the  relationship  of  the  upper  carnassial  of 
Hycenarctos  to  that  of  the  dogs  will  be  noticed  below. 

There  is,  however,  another  very  important  aspect  in  which  the  upper  carnassial 
may  be  regarded.  In  classifying  the  dogs,  Professor  Huxley,  as  will  be  shown  below, 
has  arranged  them  according  to  the  degree  of  development  of  the  cheek-teeth  in 
proportion  to  the  size  of  the  skull,  and  also  to  that  of  the  upper  carnassial  to  the  true 
molars.  With  regard  to  the  second  relationship,  it  will  be  found  that  the  present 
group  may  be  arranged  in  two  sections,  accordingly  as  pm.  4 is  smaller,  or  as  large  as, 
or  larger  than  m.  L The  former  section  may  be  termed  meionocreodonts,  and  the  latter 
megalocreodonts , thus — 

Meionocreodonts  Megalocreodonts 

Ursus.  AEluropus. 

Arctotherium. 

Hycenarctos. 

Dinocyon. 

The  following  table  gives  the  actual  measurements  of  six  species,  viz.: — 


XJrsus 

labiatus. 

Ursus 

torquatus. 

Ursus 

arctos. 

JEluropus. 

Hysenarctos 

sivalensis. 

Dinocyon 

hemicyon. 

Length  of  pur  4 0-48 

6-48 

0-55 

1-0 

1-3 

(?)  1-2 

„ „ m.l  0-62 

0-78 

0-78 

0-88 

1*2 

0-85 

It  will  be  seen  from  these  dimensions,  that  although  the  members  of  the  genus 
Ursus  do  not  form  a completely  progressive  series,  yet  that  the  whole  number  of 
genera  shows  a general  advance  in  the  relative  degree  of  development  of  the 
upper  carnassial  from  the  true  bears  to  Dinocyon,  in  which,  however,  the  length  of 
that  tooth  can  be  only  approximately  given. 

With  regard  to  the  true  bears  (Ursus)  and  their  nearest  allies  (Arctotherium, 
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Eycenarctos ),  it  may  be  remarked  that  while  one  of  the  megalocreodont  forms 
( Eycenarctos  d’  Espagne1)  is  of  upper  miocene  age,  none  of  the  meionocreodont  forms 
are  known  before  the  older  pliocene.  This  is  the  more  remarkable  since  the  relative 
degree  of  the  development  of  the  carnassial  to  the  hinder  cheek-teeth  (megalocreo- 
dontism)  is  indicative  in  some  other  groups  of  the  Carnivora  of  high  specialization, 
and  therefore,  the  same  may  be  presumed  to  hold  good  with  regard  to  the  bears. 
The  explanation  of  this  apparent  anomaly  is  probably  to  be  found  in  the  supposition 
that  the  meionocreodont  and  megalocreodont  bears  at  present  known  to  us  are 
diverging  branches  from  a common  stock,  and  that  the  common  ancestors  of  the 
two  are  yet  unknown.  The  very  wide  distribution  in  space  of  TJrsus  and  Eycenarctos 2 
also  points  to  the  conclusion  that  the  common  ancestor  must  have  existed  at  a com- 
paratively early  stage  of  the  tertiary  period.  The  suppression  of  the  first  premolar 
in  Eycenarctos , and  the  more  essentially  sectorial  nature  of  the  carnassial,  all  confirm 
the  conclusion  as  to  this  group  of  the  megalocreodont  bears  being  the  most  specialized. 

With  regard  to  the  disappearance  of  all  the  megalocreodont  forms  of  the  group 
(excepting  the  abnormal  form  Mluropus  where  the  carnassial,  though  of  relatively 
large  size,  is  not  of  a markedly  sectorial  type)  at  the  present  day,  it  is  not  impossible  that 
the  more  carnivorous  nature  of  many  of  these  forms,  which  is  almost  certainly  indicated 
by  the  size  and  form  of  the  carnassial,  may  have  brought  them  into  closer  competition 
with  the  larger  feline  carnivores,  and  that  not  being  such  fleet  animals  they  had  not 
such  good  chances  of  obtaining  their  prey,  and  thus  died  out ; while  the  meionocreo- 
dont forms,  which,  with  the  exception  of  the  peculiarly  situated  polar  bear,  are  not 
extensively  carnivorous,  have  still  remained,  and  hold  their  place  among  the  modern 
felines,  without  entering  into  direct  competition  with  them. 


Genus  I. : TJRSUS,  LinnA 


Including  Danis , Euarctos,  Eelarctos,  Melursus,  Myrmarctos,  Prochilus,  Thalarctos , 
Thallasarctos,  Tremarctos. 

Dentition , etc. — According  to  the  arrangement  adopted  by  Professor  Flower  in 
the  catalogue  of  the  osteological  specimens  in  the  Museum  of  the  Royal  College  of 
Surgeons,  the  living  bears  are  divided  into  two  genera ; — namely  TJrsus,  and  Melursus  ; 
the  latter  comprehending  only  the  so-called  sloth-bear,  or  aswail  ( Melursus  labiatus ) 
of  India,  and  the  former  all  the  other  species.  One  important  point  of  distinction 
of  the  skull  of  the  sloth-bear  is  the  absence  in  the  adult  of  the  inner  pair  of  upper 
incisors  ; while  another  is  the  relatively  small  size  of  the  cheek-teeth.  If,  however, 
the  cheek-teeth  of  an  allied  form  were  found  in  the  fossil  state  apart  from  the  palate 
it  is  improbable  that  they  could  be  generically  distinguished  from  the  teeth  of  other 
bears,  and  it  accordingly  seems  best  for  palaeontological  purposes  to  merge  the  genus 
Melursus  with  TJrsus.  It  may  be  observed  that  the  proper  specific  name  of  the  sloth- 


l Gervais,  op.  cit.,  pi.  LXXXI.,  fig.  2. 


2 Vide  infra. 
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bear  is  undoubtedly  ur sinus,  which  was  applied  by  Shaw  in  1791,  and  if  the  generic 
term  Melursus  is  employed,  there  can  be  no  objection  to  using  this  specific  name.  If, 
however,  the  animal  is  referred  to  the  genus  TJrsus  the  old  specific  name  becomes 
practically  fidiculous,  and  it  then  appears  preferable  to  adopt  Blainville’s  later  specific 
name  of  labiatus. 

With  the  exception  of  the  last-named  species  in  which,  as  already  observed,  the 
upper  incisors  are  only  two  in  number  on  each  side,  the  typical  adult  dental  formula 
of  all  the  members  of  the  genus  TJrsus  is  I.  f,  C.  j,  Pm.  M.  The  whole  of 
the  premolars  are  relatively  small ; and  this  is  especially  the  case  with  the  first  three, 
some  or  all  of  which  very  frequently  fall  out  as  age  advances.  The  carnassial  teeth 
have  not  the  markedly  sectorial  character  of  the  majority  of  the  Carnivora ; and  the 
hinder  molars  have  flat  tuberculated  crowns.  There  is  a considerable  amount  of 
variation  in  the  relative  development  of  the  cusps  on  the  crowns  of  the  cheek-teeth ; 
these  being  most  developed  in  the  grizzly  ( U.  horribilis ) and  polar  bears  ( U. 
maritimus ) ; and  perhaps  least  so  in  the  aswail  ( TJ.  labiatus).  This  shows  that 
no  indication  as  to  the  carnivorous  or  frugivorous  habits  of  the  bears  can  be 
drawn  from  the  characters  of  their  molars,  since  while  the  polar  bear  is  entirely 
carnivorous,  the  grizzly  mainly  subsists  on  a vegetable  diet. 

As  the  specimens  to  be  described  below  only  comprise  a skull  and  part  of  the 
upper  jaw  it  will  suffice  to  notice  on  this  occasion  some  of  the  more  important 
distinctive  characters  of  the  upper  molars,  the  specific  characters  of  which  will  be 
noted  in  later  paragraphs  under  the  head  of  the  respective  species.  For  fuller 
details  the  reader  is  referred  to  Professor  Busk’s  memoir  on  the  “ Quaternary  Fauna 
of  Gibraltar.”1 

The  upper  carnassial  is  a triangular  tooth,  which,  however,  may  still  be  divided 
into  a ‘ blade  ’ and  ‘ tubercle’:  the  relative  position  of  the  latter  affording  an 
important  point  of  specific  distinction : a minute  cusp  is  sometimes  found  at  the 
anterior  edge  of  the  main  cusp  of  the  tubercle,  thus  showing  that  the  latter  corresponds 
to  the  posterior  inner  cusp  of  the  typical  tooth.  The  first  upper  true  molar  is  an 
oblong  tooth,  of  a transitional  character  between  the  carnassial  and  the  second  true 
molar ; the  outer  side  of  the  crown  carries  two  large  cusps,  corresponding  to  the 
‘ blade  ’ of  the  carnassial,  and  varying  in  their  degree  of  development  in  the 
different  species,  and  the  inner  side  has  a ridge,  divided  into  two  or  three  more  or 
less  distinctly  defined  cusps,  the  first  and  last  corresponding  to  the  inner  cusps  of 
the  typical  mammalian  tooth : these  may  be  termed  the  main  cusps,  and  the  middle 
one  the  accessory  cusp.  The  second  true  molar  is  produced  posteriorly  into  a talon, 
where  it  is  generally  more  or  less  cut  away  on  the  outer  side.  The  essential 
characters  of  the  fore  part  of  this  tooth  are  very  similar  to  those  of  the  first  true 
molar,  but  its  cusps  are  less  distinctly  defined. 

Distribution. — At  the  present  day  true  bears  are  found  over  the  greater  part  of 

i ‘ Trans.  Zool.  Soc.  Lon.’  vol.  X. 
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the  world  with  the  exception  of  Australasia,  etc.,  and  the  greater  part  of  Africa. 
There  is,  however,  a considerable  amount  of  evidence  indicating  that  bears  still  exist 
in  North  Africa,1  and  they  most  certainly  did  so  in  the  piehistoric  period.  No  new 
fossil  species  of  Ursus 2 have,  it  is  believed,  been  found  in  America,  and  the  earliest 
appearance  of  the  genus  in  Europe  seems  to  have  been  in  the  lower  pliocene  (stage 
of  Montpellier). 

Number  oj  species. — -Zoologists  are  still  divided  as  to ' the  number  of  species  of 
existing  bears,  and  more  especially  as  to  whether  the  black,  brown,  and  grey  bears 
of  the  palaearctic  region  should  be  classed  under  one,  under  three,  or  under  more 
species.3  Since,  however,  in  many  of  these  cases  the  majority  of  these  so-called 
species  are  defined  solely  or  mainly  on  the  characters  of  the  pelage,  their  respective 
distinctions  would  manifestly  be  inapplicable  for  palseontogical  purposes.  Accordingly 
for  these  purposes,  without  going  into  the  question  of  the  validity  of  these  so-called 
species,  the  number  of  species  of  Ursus  may  be  reduced  to  a comparatively  small 
number.  The  following  list  comprises  the  best  known  of  these  species,  with  their 
more  important  synonomy.  Under  such  of  the  species  as  the  author  has  had  an 
opportunity  of  examining,  or  of  which  there  are  good  figures,  the  more  important 
characters  of  the  upper  dentition,  and  the  shape  of  the  palate,  are  briefly  noticed. 
The  list  does  not  include  the  Indian  fossil  species  described  in  the  sequel.  Doubtful, 
or  insufficiently  described  species  are  indicated  by  an  asterisk  : — 

1.  Ursus  americanus,4  Pallas.  Recent,  N.  America. 

(?)  U.  cinnamomeus.  Baird.  (?)  Euardos  cinnamomeus.  Gray. 

U.  gularis.5  Geof.  , Euardos  americanus.  Gray. 

(?)  U.  luteolus.  H.  Smith.  Helardos  (?)  nasutus.  Gray.* 

U.  nasutus .6  Scl. 


In  this  species  the  cheek-teeth  are  of  moderate  size  and  normal ; the  tubercle  of 
the  carnassial  is  generally  well  developed ; the  premolars  are  separated  from  one 
another  and  the  palate  is  flat  and  narrow. 

2.  Ursus  arctos,  Lin.  Recent  and  pleistocene,  palaearctic. 


U.  cadavarinus.  Evsm. 
U.  collaris.  F.  Cuv. 

(?)  U.  eversmanni.  Gray. 

U.  falcularis.  Reichenb. 
U.  formicarius.  Evsm. 

U.  fuscus.  Alb.  Mag. 
var.  a.  (J.  isabellinus.  Horsf. 

(?)  U.  lasiotus.  Gray. 


(?  vary  U.  leuconyx.  Sevzt. . 

U.  longirostris.  Schinz. 

(J.  niger.  Goldf. 

U.  norveygicus.  F.  Cuv. 

(?  vary  U.  pruinosus.  Blyth.- 

U.  pyrenaicus.  F,  Cuv. 
var.  b.  U.  syriacus.  Hemp,  and  Ehr. 
(?)  Myrmardos  eversmanni.  Gray. 


A moderately  sized  species  with-  the  cheek-teeth  relatively  large ; m.  2 is  as  long 
as  the  two  preceding  teeth;  pm. 4 relatively  large,  with  the  main  inner  cusp 
very  large,  and  placed  posteriorly,  and  a minute  trace  of  the  anterior  cusp.  The 


l See  Busk,  op.  cit.,  pp.  73-4.  2 Ursus  brasiliensis  and  U.  bonariensis  are  probably  Arctotherium. 

3 See  L.  J.  Eitzinger,  ‘ ‘ Untersuchungen  liber  die  Artberechtigung  einiger  seither  mit  dem  gemeinen  Baren  (Ursus 
arctos)  vereinigt  gewesenen  Formen,”  ‘ Sitz.  d.  k.  Akad.  Wissens,’  vol.  LXXXI V. , pt.  I.,  1881. 

4 Blainville,  “ Osteograpbie  ” Genus  Ursus,  pi.  XII.  5 1 Pro.  Zool.  Soc.  Lon.,’  1871,  p.  232. 


6 Ibid. 
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palate  is  quite  flat,  and  the  early  premolars  are  not  crowded  together:  pm.  1 is 
smaller  than  pm.  3. 

3.  Uksus  arvernensis.1  Cr.  and  Job.  Pliocene  and  pleistocene,  Europe. 

U.  minimus,  Dev.  and  Bouil.  U.  minutus , Gerv. 

A smaller  species  than  the  last ; the  cheek-teeth  are  relatively  large ; m.  1 shorter 
than  the  two  preceding  teeth:  pm.  4 long,  with  no  distinct  inner  tubercle: 
earlier  premolars  separate,  and  the  palate  flat. 

*4.  Ursus  crowtheri,  Schinz.  Recent,  N.  Africa. 

Specific  distinctness  very  uncertain. 

5.  Ursus  etruscus,2  Cuv.  Up.  pliocene,  Europe. 

Apparently  very  imperfectly  known:  the  specimens  figured  by  De  Blainville 
comprise  part  of  the  maxilla  and  mandible,  indicating  a large  species ; pm.  4 much 
elongated,  with  medium  tubercle  : early  premolars  separate. 

*6.  Ursus  faidherbianus,  Bourg.  Prehistoric  (?),  N.  Africa. 

Very  insufficiently  determined. 

? = U.  arcios  or  U.  horribilis. 


7.  Ursus  horribilis,  Ord. 

U.  bourguignati,  Lart. 

U.  cinereus,  Gray.  , 

' U.  ferox,  Rich. 

U.  ,,  fossilis.  Busk. 

U.  fossilis.  Goldf. 


Recent,  N.  America  ; pleistocene,  Europe. 
U.  horridus.  Baird, 

(?)  U.  piscator.  Gray. 

U priscus.  Cuv. 

U.  richardsoni.  Baird. 

Danis  cinereus.  Gray. 


A gigantic  species  with  the  cheek-teeth  very  large,  and  with  strongly  developed 
cusps  : m.  2 is  but  slightly  contracted  posteriorly  : the  inner  tubercle  of  pm.  4 is  very 
large  ; the  premolars  are  separate,  and  the  palate  flat. 


8.  Ursus  japonicus,  Scl.3  Recent,  Japan. 

A small  species,  about  two-tliirds  the  size  of  U.  torquatus,  said  to  be  closely  allied 
to  TJ.  amerieanus,  from  which  it  is  distinguished  by  its  smaller  size  and  the  total 


absence  of  the  inner  tubercle  to  pm.  4.4 


9.  Ursus  labiatus,  Blain.  Recent,  Peninsular  India,  Ceylon,  and  (?)  south 
of  Assam. 

Bradypus  ursinus.  Shaw.  Melursus  ursinus.  Flower. 

Melursus  lybicus.  Meyer.  Prochilus  labiatus.  111. 

Ursus  inornatus.  Fuchs. 

A moderate  sized  species,  in  which  the  cheek-teeth  are  relatively  very  small : in 
m.  1 the  cusps,  though  small,  are  distinct,  but  in  m.2  they  cannot  be  recognized : 

i Blainville,  “ Osteographie  ” Genus  Ursus,' pis.  XIII. -XIV.  2 Ibid,  XIV . 

3 ‘ Pro.  Zool.  Soc.,’  1862,  p.  261-1880,  p.  442. 

4 In  Dr.  Gunther’s  note  on  this  species  (‘P.Z.S.,’  1880,  p.  442)  it  is  stated  that  the  upper  carnassial  (pm.  4)  wants 
the  inner  cusp  (tubercle)  so  well  developed  in  TJ.  ornatus  and  TJ.  americanns : figures  of  the  carnassial  of  the  latter  and  of 
TJ.  japonicus  are  given,  hut  the  numbers  have  been  misplaced  ; the  tooth  assigned  to  U.  japonicus  (fig.  1)  having  this  tubercle, 
while  it  is  wanting  in  the  tooth  assigned  to  TJ.  amerieanus. 
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pm.  4 ]ias  a large  inner  cusp  : the  length  of  m.  2 is  very  much  less  than  that  of  the 
two  preceding  teeth  : earlier  premolars  widely  separate.  The  palate  is  wide,  and 
posteriorly  somewhat  concave,  but  has  a remarkable  transverse  elevation  immediately 
behind  the  canines,  in  advance  of  which  it  slopes  upwards  towards  the  incisors. 

*10.  Ursus  lartetianus,  Bourg.  Prehistoric  (?),  North  Africa. 

Very  doubtfully  distinct. 

*11.  Ursus  letourneuxianus,  Bourg.  Prehistoric  (?),  N.  Africa. 

Very  doubtfully  distinct. 

12.  Ursus  malayanus,1  Raffl.  Recent,  Malay  Peninsula,  and  Burma  to  Arakan. 

Helarctos  euryspilus.  Horsf.  H.  malayanus.  Horsf. . Prochilus  malayanus.  Gray. 

A small  species  with  m.  2 very  much  shorter  than  the  two  preceding  teeth : inner 
tubercle  of  pm.  4 moderate : a distinct  cingulum  to  pm.  4 and  the  true  molars : 
earlier  premolars  crowded  together : palate  flat  and  unusually  broad. 

13.  Ursus  maritimus,2  Desm.  Recent,  North  Polar  regions. 

U.  alius.  Bris.  U.  polaris.  Shaw. 

U.  marinus.  Pal.  Thalarctos  maritimus.  Gray.  Thallasarctos  maritimus.  Gray. 

A large  species  with  the  cheek-teeth  proportionately  small,  but  with  very 
strongly  developed  cusps ; m.-l  obliquely  truncated  on  the  outer  side  posteriorly,  and 
much  shorter  than  the  two  preceding  teeth  : inner  tubercle  of  pm.  4 very  small : earlier 
premolars  separate  : palate  concave. 

14.  Ursus  ornatus,3  F.  Cuv.  Recent,  S.  America,  and  (?)  Formosa. 

(?)  U.  formosanusP  Swinh.  Helarctos  ornatus.  Gray.  Tremarctos  ornatus  Gerv. 

A small  species,  with  m.  2 much  shorter  than  the  two  preceding  teeth  : the  inner 
tubercle  of  pm.  4 distinct,  and  placed  more  anteriorly  than  usual : premolars  crowded 
together : palate  somewhat  concave. 

*15.  Ursus  rouvieri,  Bourg.  Prehistoric  (?),  N.  Africa. 

Very  doubtfully  distinct. 

16.  Ursus  spelceus,  Rosenmiil.  Pleistocene,  Europe. 

The  largest  known  bear  ; the  cheek  teeth  are  relatively  large  ; there 
is  a large  inner  tubercle  to  pm.  4 ; the  earlier  premolars  are 
separate ; and  the  palate  flat. 

17.  Ursus  torquatus,5  Wag.  Recent,  Persia,  Baluchistan,  Sind,  Forest  regions 

of  Himalaya,  (?)  South  Assam,  and  S.  China. 

{?  var.)  U.  gedrosianusp  Blanf.  Helarctos  tibetanus.  Gray. 

U.  tibetanus.  F.  Cuv. 

l Blainville,  “ Osteographie,”  Genus  Ursus,  pi.  XII.  2 Ibid.  3 Ibid. 

4 According  to  Dr.  Gray  (“Cat.  of  Carnivora,  etc.,  in  Brit.  Mus.,”  p.  226),  U.'formosanus,  Swinh. = U.  tibetanus ; hut 
according  to  Dr.  Gunther  (‘  Pro.  Zool.  Soc.,’  1880,  p.  443)  the  hears  collected  by  Mr.  Swinhoe  in  Formosa  agree  in  their 
dentition  with  TI.  ornatus. 

5 The  author  follows  Mr.  W.  T.  Blanford  (‘Jour.  Asiat.  Soc.  Bengal,’  1877,  p.  320)  in  adopting  the  specific  name 
torquatus  in  place  of  the  highly  objectionable  name  tibetanus. 

6 ‘ Pro.  Asiat.  Soc.  Bengal,’  Jan.,  1879,  p.  4.  It  is  there  stated  that  there  is  some  reason  to  think  that  TI.  torquatus  may 
range  into  Eastern  Siberia. 
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A species  attaining  a considerable  size  : m.  2 slightly  shorter  than  the  length  of 
the  two  preceding  teeth : pm- 4 relatively  small,  with  the  inner  tubercle  placed  somewhat 
anteriorly  : the  earlier  premolars  approximated,  pm.  1 larger  than  either  pm.  2 or  pm.  3 ; 
palate  very  slightly  concave. 

It  may  be  added  that  the  following  among  other  species  originally  referred  to 
the  genus  Ursus  really  belong  to  other  genera  ; viz.: 

U.  braziliensis . Lund. 

U.  bonariensis.  Gerv. 

U.  cancrivorus.  Cuv. 

U.  lolor.  Lin. 

U.  caudivolus.  Cuv.  = Cercoleptes. 

U.  melanoleucus . Gerv.  = AEluropus. 

Microdont  and  macrodont  forms. — Following  a modification  of  the  system  adopted 
by  Professor  Huxley  in  his  classification  of  the  dogs,  whereby  that  group  is  divided 
into  microdont  and  macrodont  forms  according  to  the  proportionate  size  of  the 
cheek-teeth  to  that  of  the  skull,  it  will  be  found  that  a similar  relation  holds  good  in 
the  genus  Ursus.  In  this  genus  it  has  been  found  best  to  take  the  length  of  m.  1 as 
unity,  and  to  s,ee  how  many  times  that  length  is  contained  in  the  width  of  the  palate 
at  the  same  tooth.  This  relation  is  given  in  the  following  table,  viz. : — 

Table  showing  proportionate  width  of  palatal  aspect  of  Ursus  at  m.  1,  that  tooth  being 
taken  as  unity. 


> = Arctothenum. 


j = Procyon. 


Ursus  horribilis 
„ americanus 
„ arctos 
,,  torquatus 
,,  arvernensis 


spelseus 

ornatus 

malayanus 


,,  maritimus 
,,  labiatus 


3-1 

3.3 

3-3-4 


3-4 

3-5 

3-6 

3-9 


4-3 

4-6 


It  is  believed  that  all  the  other  forms  given  in  the  foregoing  list  of  species 
would  belong  to  the  macrodont  division.  It  is  noteworthy  that  the  two  microdont 
forms  are  frequently  referred  to  distinct  sub-genera  or  genera  ( Thallassarctos  and 


Species  I.  Ursus  theobaldi,  n.  sp.,  nobis. 

History. — The  cranium  on  which  this  species  is  founded  was  briefly  referred  to 
on  page  104  of  the  IXtli.  volume  of  the  “ Records”  as  belonging  to  a new  species 
of  Ursus. 

Cranium. — The  above-mentioned  cranium,  figured  of  half  the  natural  size  in 
plate  XXVIII.,  figures  1 and  2 of  the  present  memoir,  was  obtained  by  Mr.  Theobald 
in  1875  from  the  Siwaliks  of  the  Kangra  district.  The  specimen,  which  comprehends 
the  nearly  entire  cranium,  has  been  much  damaged  by  rolling,  especially  on  the 
upper  surface ; and  from  this  cause  the  crowns  of  the  whole  of  the  teeth  have  been 
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battered  off.  The  palatal  surface  was,  however,  still  buried  in  matrix,  and  careful 
chiselling  has  revealed  this  surface  in  a more  perfect  condition : on  the  left  side  the 
position  of  the  1 fangs  ’ of  the  canine  and  cheek-teeth  has  been  made  visible  by 
cutting  and  polishing  the  alveolar  ridge.  Both  zygomatic  arches  have  been  broken 
away,  but  the  glenoid  cavity  (gl.)  remains  on  the  left  side : the  specimen  is  not 
sufficiently  perfect  to  indicate  the  position  of  the  basi-cranial  foramina,  or  the  exact 
limits  of  the  component  bones  of  this  part.  Bad  as  the  condition  of  the  specimen 
undoubtedly  is,  the  palate  fortunately  affords  ample  characters  for  indicating  its 
specific  distinctness  from  all  described  bears ; many  of  these  characters  are,  however, 
somewhat  difficult  to  clearly  portray  in  the  figure. 

In  the  first  place  an  inspection  of  the  figures  will  at  once  show  that  the  specimen 
undoubtedly  belongs  to  the  genus  Ursus.  The  generic  determination  being  accepted, 
the  most  important  specific  characters  are  to  be  found  in  the  form  of  the  palate,  and 
in  the  size  and  position  of  the  cheek-teeth.  The  palate  is  deeply  concave  between 
the  molar  series,  and  its  hinder  free  border  (pal.)  extends  very  far  back  behind  the 
last  molar  (m.  2) : at  the  anterior  border  of  the  latter  tooth  the  median  line  of  the 
palate  is  elevated  upwards  of  one  inch  above  the  level  of  the  molar  alveoli. 
Anteriorly  the  vaulting  or  concavity  of  the  palate  gradually  diminishes  till  at  the 
hinder  border  of  the  canines  there  is  a distinct  transverse  ridge,  only  slightly  above 
the  level  of  the  alveolar  ridges : in  advance  of  this  the  palate  slopes  upwards  and 
forwards  towards  the  incisors,  the  free  extremity  having  been  broken  off  in  the 
specimen : posteriorly  to  the  ridge  the  slope  of  the  palate  is  upwards  and  backwards. 
The  general  form  of  the  palate,  and  more  especially  of  the  transverse  ridge  behind 
the  canines,  and  the  consequent  opposite  direction  of  the  slope  of  the  two  surfaces 
before  and  behind  this  ridge,  is  nearest  to  the  form  of  the  palate  of  the  living  Ursus 
labiatus,  and  totally  distinct  from  the  palates  of  all  other  species  of  the  genus , in  which  the 
anterior  portion  of  the  palate  is  either  horizontal  ( U.  arctos,  U.  torquatus ),  or  slopes 
upwards  and  backwards  ( U.  maritimus).  In  the  fossil,  however,  the  vaulting  of  the 
hinder  part  of  the  palate  is  very  much  greater  than  in  U.  labiatus ; the  surface  of 
the  hinder  part  of  the  palate  in  the  latter  not  being  elevated  more  than  a quarter-of- 
an-inch  above  the  molar  alveoli.  In  both  skulls  the  free  posterior  border  of  the 
palate  (pal.)  is  produced  far  behind  the  molar  series : this  extension  being  mainly 
due  to  the  circumstance  that  the  last  molar  (m.  2)  does  not  extend  (as  it  does  in  all 
other  bears,  though  least  so  in  the  polar  bear,)  behind  the  root  of  the  zygoma;  but 
partly  to  the  proportionately  great  development  of  the  hinder  part  of  the  palate 
itself.  This  character  is  most  developed  in  the  fossil ; and  the  vaulting  of  the  post- 
molar portion  of  the  palate  in  the  latter  causes  this  part  of  the  skull  to  be  narrower 
than  in  the  recent  form. 

Turning  to  the  dentition,  the  polished  alveolar  ridge  of  the  left  side  of  the 
specimen  (fig.  2)  exhibits  transverse  sections  of  the  bases  of  the  crowns  of  all  the 
cheek-teeth.  The  three  first  premolars  are  separated  from  one  another  by  distinct 
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intervals,  but  the  third  (pm.  3)  should  have  been  placed  nearer  to  the  succeeding 
tooth  than  is  the  case  in  the  figure.  The  sections  of  pm-  4,  m.  1,  and  m.  2 are  distinctly 
shown  in  the  figure,  but  they  are  seen  to  be  imperfect  on  the  inner  side.  In  order 
to  determine  the  width  of  these  alveoli  the  opposite  alveolar  ridge  has  also  been 
ground  down  since  the  figure  was  drawn,  by  which  means  there  has  been  obtained  a 
perfect  section  of  the  alveolus  of  m.  2. 

In  the  following  table  the  dimensions  of  the  palatal  aspect  and  the  alveoli  of 
the  cheek-teeth  are  compared  with  the  corresponding  dimensions  of  four  living 
species  of  bear,  from  the  author’s  own  collection.1  The  skulls  of  U.  arctos  (var. 
isabellinus ),  and  U.  torquatus  are  small  specimens : — 


Width  of  palate  at  m.  1 
Prolongation  of  palate  behind  m.  2 
Length  of  whole  palatal  aspect 

, , alveoli  of  last  3 cheek-teeth  . 
Interval  between  canine  and  pm.  4 
Length  of  alveolus  of  pm.  4 
Width  ,,  ,,  ,,  ,,  ,,  (posteriorly) 

Length  ,,  ,,  ,,  m.  1 

Width  „ „ „ „ „ . 

Length  „ ,,  ,,  ,,  2 

Width  ,,  ,,  ,,  „ (middle) 


f g 

£ B 

~ ’§ 

P 00 

2-89  ..  32- 

1-95  ..  2-41 

10-9  ..  12-6 

1-83  ..  2'22 

1-27  ..  1-62 

0-41  ..  0-51 

0-31  ..  0-3 

0-55  ..  0-62 

0-39  .. 

0-75  ..  0-89 

0-26  ..  0-51 


I j 

•|  ^ 

a 1 

p p 

2-83  2-68 

1- 34  ..  0-54 

12-4  .. 

2- 25  ..  2-44 

1-44  ..  0-8 

0 47  ..  0-48 

0-28  ..  0-44 

0-66  ..  0-67 
0-4  ..  -0-62 

0-91  ..  1-08 

0-48  ..  0-65 


P 

2-55 

0-94 


2-25 

0-51 

0-44 

0-3 

0-62 

0- 58 

1- 02 
0-6 


From  these  dimensions  the  length  of  mA  may  be  very  closely  estimated,  and 
taking  this  as  unity  the  width  of  the  palate  will  be  about  4-59  ; or  proportionately 
very  similar  to  the  condition  prevailing  in  U.  labiatus , and  thereby  indicating  that 
the  specimen  is  related  to  the  microdont  division  of  the  genus.  The  dimensions  of 
the  alveoli  of  the  cheek-teeth  indicate,  however,  that  the  other  teeth  were 
proportionately  considerably  more  developed  than  in  U.  labicitus ; and  more  nearly 
resembled  in  this  respect  U.  maritimus.  Taking  the  three  last  teeth  separately,  as 
indicated  by  their  alveoli,  the  carnassial  (pm.  4)  must  have  been  longer  and  narrower 
than  the  corresponding  tooth  of  U.  labiatus : its  hinder  root  (as  can  be  seen  in  the 
figure)  is  sub-cylindrical  in  section,  and  shows  no  tendency  to  a bilateral  division ; 
it  is  in  fact  very  similar  to  the  same  alveolus  in  U.  torquatus,  and  quite  different  from 
that  of  U.  arctos  : from  which  it  may  be  inferred  that  the  carnassial  of  the  fossil  had 
but  a very  small  inner  tubercle,  which  was  placed  in  the  middle  of  the  tooth,  as  in 
U.  torquatus.  It  may  be  added  that  in  the  polar  bear  the  two  roots  of  pm.  4 are 
usually  conjoint.  The  roots  of  m.  1 are  not  well  displayed  in  the  fossil,  but  as  far  as 
the  alveoli  show,  they  must  have  been  proportionately  stouter  than  in  U.  labiatus.  In 
m.  2,  however,  the  roots  are  well  preserved,  and  show  (as  is  seen  on  the  left  side  of 
the  figure)  that  they  were  different  from  the  aborted  condition  in  which  they  exist  in 

l As  it  was  necessary  for  this  comparison  to  extract  the  teeth  of  the  specimens  examined,  it  is  obvious  that  it  could  not 
be  applied  to  specimens  in  the  public  collections. 
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U.  labiatus.  On  the  right  side  of  the  specimen  (< ground  down  since  the  figure  was 
made)  the  alveolus  of  this  tooth  shows  that  it  bore  two  stout  fangs  on  both  the  outer 
and  the  inner  sides,  the  hinder  one  of  the  latter  pair  being  elongated  posteriorly, 
and  at  the  base  of  the  crown  united,  with  the  anterior  roots  of  the  same  side : the 
union  of  these  roots  did  not,  however,  extend  so  deep  down  as  in  U.  torquatus  and 
U.  arctos.  The  dimensions  of  the  whole  alveolus  of  this  tooth  show  that  it  must 
have  attained  dimensions  proportionately  very  similar  to  those  of  the  corresponding 
tooth  of  U.  maritimus , and  must  have  been  relatively  much  narrower  than  in  typical 
macrodont  bears  like  U.  arctos  and  U.  torquatus.  The  early  premolars  correspond 
precisely  with  those  of  U.  labiatus. 

These  comparisons  indicate  that  the  cheek-teeth  of  the  skull  under  consideration, 
though  agreeing  in  position  with  those  of  U.  labiatus , must  have  been  intermediate 
in  their  proportionate  size  between  the  latter  and  the  cheek-teeth  of  typical  species 
of  bear;  and  that  in  this  respect  they  approached  nearest  to  the  teeth  of 
U.  maritimus.  This  resemblance  is  not,  however,  in  all  probability  indicative  of  any 
direct  affinity  with  that  species,  since  the  characters  of  the  palate,  and  the  position 
of  the  early  premolars  all  point  to  strong  affinity  with  U.  labiatus.  Since  the 
premaxillse  of  the  specimen  have  been  broken  away,  it  is  impossible  to  determine 
whether  the  middle  pair  of  incisors  was  absent,  as  in  the  last-named  species.  That 
portion  of  the  premaxillse  still  remaining  shows,  however,  that  in  the  fossil,  as  in 
U.  labiatus , there  must  have  been  a considerable  interval  between  the  canine  and  the 
outer  incisor,  which  in  other  bears  are  approximated  : the  outer  incisor  was  relatively 
small,  as  in  JJ.  labiatus , and  quite  different  from  the  large  size  which  this  tooth 
attains  in  U.  arctos. 

As  far  as  the  battered  condition  of  the  specimen  under  consideration  admits  of 
comparison,  the  other  most  important  points  in  which  it  differs  .from  the  skull  of 
JJ.  labiatus  are,  firstly,  the  form  of  the  glenoid  cavity  (gl.),  which  is  more  produced 
transversely,  and  has  its  anterior  (preglenoid)  process  more  distinctly  developed ; 
probably  indicating  greater  power  of  jaw,  and  closely  resembling  the  corresponding 
part  in  the  polar  bear ; and,  secondly,  the  vaulting,  in  place  of  the  flatness,  of  the 
sphenoidal  region ; the  latter  character  being  probably  correlated  with  the  excessive 
vaulting  of  the  palate.  On  its  superior  aspect  the  fossil  skull  appears  to  have  the 
profile  of  the  cranial  box  much  less  vaulted  than  in  TJ.  labiatus  ; . and  the  nasal  profile 
less  concave:  the  muzzle  appears  also  broader  and  flatter:  the  orbits  of  the  two 
forms  agree,  however,  in  having  their  antero-posterior  diameter  longer  than  the 
vertical  one,  and  in  this  respect  differ  from  other  bears. 

Finally  it  may  be  said  that  while  the  skull  under  consideration  comes  nearest  to 
that  of  JJ.  labiatus , of  all  sufficiently  described  species  of  bears,  given  in  the  above 
list,1  yet  that  the  points  of  difference  between  the  two  are  so  strongly  marked  that 
there  cannot  be  the  slightest  doubt  but  that  they  are  specifically  distinct.  Under 

i Its  distinctness  from  U.  mmadicus  of  Falconer  and  Cautley  will  be  indicated  in  the  sequel. 


J 
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these  circumstances  it  is  proposed  to  distinguish  the  fossil  form  under  the  name  of 
Ursus  theobalcli , in  honour  of  Mr.  W.  Theobald,  late  of  the  Geological  Survey,  to 
whose  untiring  labours  is  due  the  addition  of  this  (and  so  many  other)  species  to  the 
Siwalik  fauna. 

Relation  to  U.  labiatus. — The  relationship  of  Ursus  theobaldi  to  U.  labiatus , which 
at  the  present  day  stands  completely  isolated  from  all  other  bears,  is  a matter  of 
extreme  interest,  and  one  which  seems  to  throw  a considerable  amount  of  light  on 
the  origin  of  the  latter.  In  the  first  place  the  resemblance  between  the  skulls  of  the 
two  forms  is  so  great,  and  their  distinctions  from  the  skulls  of  other  bears  are  so 
well  marked,  that  there  can  scarcely  be  any  doubt  that  the  fossil  must  have  been  on 
the  direct  line  of  ancestry  of  the  living  species.  Assuming  this  to  be  the  case,  and 
seeing  that  the  cheek-teeth  of  the  former  are  considerably  more  developed  than 
those  of  the  latter  (attaining  a development  about  equivalent  to  that  existing  in  the 
polar  bear),  it  follows  that  the  aborted  dentition  of  U.  labiatus  is  a character  which 
the  stirps  has  acquired  comparatively  recently,  and  is  not,  as  might  have  been 
supposed,  a retention  of  an  ancestral  feebly  developed  dentition.  The  cause  of  the 
aborted  dentition  of  the  aswail  ( U.  labiatus ) may  probably  be  sought  in  the  nature  of 
its  food,  which,  according  to  the  late  Dr.  Jerdon,1  consists  of  the  larvte  of  a gigantic 
longicorfi  beetle,  of  black  ants,  termiteSj  beetles,  fruits  (particularly  the  seeds  of 
Cassia  fistula ^ and  the  date-palm),  honey,  and  the  fleshy  flowers  of  the  mohwa  tree 
(Bassia  latifolia).  According  to  Prof.  V.  Ball3  this  bear  subsists  on  “the  fruits  of 
several  species  of  fig,  the  wild  plum,  or  jujube  ( Zizyphus  jujuba) , the  flowers  of  the 
mhowa,  sugar-cane,  &c.,  it  also  is  fond  of  termites,  or  white  ants,  the  larvae  of 
several  insects  and  honey.”  The  larvae  and  ants  are  sucked  out  from  their  holes, 
after  the  ground  has  been  opened  by  the  powerful  claws  of  the  bears.  In  contrast 
to  this,  Dr.  Jerdon’s  account  of  the  food  of  the  other  Indian  bears  may  be  cited. 
Of  the  snow  bear  ( U.  arctos,  var.  isabellinus ) he  observes  they  feed  in  autumn  ‘ ‘ on 
various  fruit,  seeds,  acorns,  hips  of  rose-bushes,  &c.,  often  coming  close  to  villages 
to  plunder  apples,  walnuts;  apricots,  buck-wheat,  &c.  Their  usual  food  in  spring 
and  summer  is  grass  and  roots.”  The  black  bear  ( U.  torquatus  [ 'tibetanus ])  is  stated 
to  live  chiefly  on  “ fruits  and  roots,  apricots,  walnuts,  apples,  currants,  &c.,  also,  on 
various  grains,  barley,  Indian  corn,  buck- wheat,  &c.;  and  in  winter  chiefly  feeds  on 
various  acorns.” 

It  will  be  seen  from  these  accounts  that  the  food  of  the  aswail  contains  none  of 
the  hard  substances  on  which  the  other  bears  subsist,  and,  indeed,  consists  almost 
entirely  of  succulent  substances  which  require  little  or  no  mastication.  The  nature 
of  its  food  is,  therefore,  quite  sufficient  to  account  for  the  aborted  molar  dentition  of 
this  remarkable,  and,  in  this  respect,  highly  specialized  form. 

1 “ The  Mammals  of  Tndia,”  cd.  1874,  pp.  72-4. 

2 The  fruit  of  this  species  consists  of  long  black  pods  containing  numerous  seeds  buried  in  a fleshy  pulp. 

3 “ Jungle  Life  in  India,”  London,  1880,  p.  0C0. 
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Seeing  that  the  most  remarkable  character  of  the  aswail  is  its  peculiarly  aborted 
molar  dentition,  and  that  in  its  probable  ancestor  U.  tJieobalcli  this  character  was  not 
nearly  so  well  marked,  it  is  pretty  evident  that  the  latter  species  forms  a well-marked 
connecting  link  between  the  aswail  and  other  bears,  and  renders  it  extremely 
problematical  whether  the  sub-genus  Melursus  can  henceforth  be  logically  maintained. 

Distribution.— As  the  specimen  described  above  is  the  only  one  yet  known  that 
can  be  referred  to  the  present  species,  nothing  further  can  be  added  regarding  its 
distribution. 

Species  2.  Ursus  namadicus.  Falc.  and  Caut. 

History. — The  name  of  Ursus  namadicus  does  not  seem  ever  to  have  been 
published  in  Dr.  Falconer’s  lifetime,  but  appears  for  the  first  time  in  the  u Palaeonto- 
logical Memoirs,”1  where  it  is  applied  to  two  specimens  in  the  British  Museum  figured 
in  plate  0 of  the  supplement  to  the  “ Fauna  Antiqua  Sivalensis  the  description  of 
the  figures  having  probably  been  compiled  from  Dr.  Falconer’s  manuscript.  In  the 
“ Palaeontological  Memoirs  ”2  one  of  the  specimens  so  designated  is  refigured  with 
the  same  designation. 

Maxilla. — In  figure  3 of  plate  XXVIII.  of  the  present  volume  there  is  re- 
presented a part  of  the  right  maxilla  of  a bear  from  the  Farbada  deposits,  which  is 
the  type  specimen  on  which  the  present  species  is  founded.  This  specimen  is  now 
in  the  British  Museum  (No.  39,720);  and  is  also  figured  in  plate  0,  fig.  8 of  the 
“Fauna  Antiqua  Sivalensis  and  (of  one  half  the  natural  size)  in  plate  XXVI., 
figure  5,  of  the  first  volume  of  the  “ Palaeontological  Memoirs.”  It  is  described  in 
the  latter  work  as  a “ portion  of  upper  jaw  with  four  molars  of  a smaller  [in 

reference  to  Hycenarctos ] species  of  Bear,  from  the  Nerbudda ” The 

specimen  shows  part  of  the  palate,  and  in  its  present  condition  has  only  three  teeth 
(pm.  4 ; . m,  1 jlm.  2).;  but  in  the  figures  above  quoted  there  is  also  a relatively  large 
pm.  3 in  advance  of  the  carnassial,  which  has  been  subsequently  broken  away.  It 
will  be  seen  from  the  figure  that  the  specimen  undoubtedly  belongs  to  a true  Ursus. 

In  the  first  place  the  portion  of  the  palate  still  attached  to  the  specimen  shows 
that  this  part  is  perfectly  flat,  while  the  cheek-teeth  are  relatively  as  large  as  those 
of  typical  macrodont  bears.  These  characters  show  that  the  specimen  can  have  no 
affinity  with  U. ' labiatus.  The  same  characters,  and  the  large  size  of  pm.  4,  also 
show  that  the  specimen  does  not  approach  U.  maritimus.  The  presence  of  a large 
tubercle  to  pm.  4,  the  great  proportionate  width  of  the  true  molars,  and  the  flatness 
of  the  palate  indicate  moreover  that  the  specimen  has  no  affinity  with  U.  thcobaldi ; 
and  comparisons  may  accordingly  be  confined  to  the  typical  macrodont  forms. 

The  teeth  of  the  Narbada  specimen  are  in  an  early  stage  of  detrition ; the  last 
molar  is  considerably  damaged,  and  m.  1 has  lost  a small  portion  of  its  postero- 
external angle.  The  carnassial  (pm.  4)  is  relatively  large,  with  a well-developed 


i Vol.  I.,  p.  552. 


2 Ibid,  pi.  XXVI.,  fig.  5. 
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inner  tubercle,  placed  opposite  the  hinder  lobe*  of  the  blade  ; of  which  the  foremost 
lobe  carries  a distinct  cingulum.  The  first  true  molar  (m.  1)  is  a nearly  square- 
crowned  tooth  ; and  m.2  is  relatively  short.  In  the  following  table  the  dimensions  of 
the  teeth  of  the  specimen  are  compared  with  those  of  the  teeth  of  TJ.  torquatus , TJ.  arctos 
(var.  isabellinus ),  and  TJ.  liorribilis  : the  dimensions  of  the  first  are  taken  from  a small 
skull  belonging  to  the  author  : those  of  the  second  from  (a)  'a  small  skull  belonging 
to  the  author,  and  (b)  from  Mr.  Busk’s  tables1 ; those  of  the  third  are  from  the  same. 

! I i 1 

P P p p 

a.  b. 

Length  of  3 last  cheek-teeth  .....  2-44  ..  2-31  ..  2-53 

„ „ pm.  4 0-65  ..  0-47  ..  0‘58  0-65  ..  0-67 

Width  „ „ „ 0-53  ..  0-32  ..  0 46  0‘45  ..  0-5 

Length,,  m.  1 0'74  ..  0-78  ..  0'75  0-9  ..  0-9 

Width  „ „ „ 0-71  ..  0-62  ..  0-59  0-6  ..  0-7 

Length,,  „ „ 1'06  ..  1'09  ..  1-3  p44i  ..  1*5 

These  dimensions  show  that  the  fossil  differs  from  TJ.  torquatus  by  the  greater 
relative  size  of  pm.  4,  and  the  larger  development  of  its  tubercle ; and  also  by  the 
greater  proportionate  width  of  mj.  : the  two  agree  in  the  relative  shortness  of  m.  2. 
From  TJ.  arctos  the  specimen  is  readily  distinguished  by  the  proportionate  shortness 
of  m.2;  the  carnassials  of  the  two  are  more  equal  in  size,  but  that  of  the  fossil  is 
somewhat  wider,  and  has  its  tubercle  placed  still  further  back.  From  TJ.  liorribilis 
the  fossil  is  distinguished  by  the  relatively  greater  width  of  m.  1 • by  the  shortness 
of  m.  2 ; and  by  the  tubercle  of  pm.  4 being  placed  entirely  behind  the  division 
between  the  two  lobes  of  the  blade,  instead  of  in  the  middle  of  the  same. 

Ursus  americanus  is  distinguished  by  m.  1 being  relatively  longer  and  narrower 
(0*73x0'54),  and  by  the  tubercle  of  pm.  4 being  placed  in  the  middle  of  the  tooth. 
TJ.  arvernensis  is  also  distinguished  by  the  more  elongated  form  of  m.  1,  and  still  more 
completely  by  the  form  of  pm.  4,  in  which  the  tubercle  is  small  and  placed  in  the 
middle  : it  is  also  distinguished  by  the  presence  of  a distinct  interval  between  pm.  3 
and  pm.  4,  which  teeth  are  seen  from  the  original  figure  to  have  been  closely 
approximated  in  the  fossil.  TJ.  etruscus  is  distinguished  by  the  elongated  form  of 
pm.  4 (0‘72x0'5) ; by  the  larger  size  of  m.  1 (0-98x0-81);  and  the  distinct  interval 
between  pm.  3 and  pm.  4.  TJ.  japomcus  is  at  once  distinguished  by  its  smaller  size, 
and  the  complete  absence  of  any  tubercle  to  pm.  4.  In  TJ.  malayanus  the  whole 
molar  dentition  is  absolutely  smaller  than  in  the  fossil,  the  length  of  the  three  last 
teeth  being  only  F9:  it  is  also  readily  distinguished  by  the  smaller  extent  of  the 
backward  prolongation  of  m.  2,  this  tooth  being  but  slightly  larger  than  m.  1 : the 
following  measurements  show  these  differences  : — 


Zool.  Soc.,’  vol.  X.,  pi.  XXVII. 
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Length  of  last  three  cheek-teeth 
>>  >>  Pm- 4 

Dimensions  of  ™. 1 
Length  of  m-  2 


.0-46 

0-66X0-59 


U.  namadicus. 
. 2-44 


0-65 

0- 74X0-71 

1- 06 


The  living  species  is  also  distinguished  by  the  minute  size  of  pm.  3,  and  the 
relatively  small  size  of  pm.  4,  and  by  the  tubercle  of  this  tooth  being  placed  in  the 
middle  of  the  inner  side.  The  two  nearly  agree,  however,  in  the  proportionate 
width  of  m.  1. 

In  U.  ornatus  the  whole  molar  dentition  is  much  smaller  ; m.2  is  relatively  much 
narrower,  as  is  shown  by  the  following  measurements,  viz.  : — 


Length  of  last  three  cheek-teeth 1-75 

,,  „ pm.  4 0-4 

Dimensions  of  “J  . . . . . 0-65x0"46 

Length  of  mjj  0-74 


The  tubercle  of  pm.  4 is  also  placed  in  the  middle  of  the  inner  side. 

Ursus  spelceus  is  sufficiently  distinguished  from  the  fossil  by  its  vastly  superior 
size,  and  the  greater  complexity  of  the  surface  of  the  crowns  of  the  molars. 

The  other  species  mentioned  in  the  foregoing  list  are  not  sufficiently  well  known 
to  admit  of  comparison  with  the  fossil,  and  unless  it  should  be  the  same  as  any  of 
these,  it  seems  that  the  latter  is  entitled  to  rank  as  a distinct  species,  for  which  the 
name  of  U.  namadicus  may  be  retained.  As  far  as  can  be  judged  from  the  extremely 
imperfect  remains  at  present  available,  that  species  seems  on  the  whole  to  have 
approached  nearest  to  Ursus  malayanus , but  is  distinguished  by  its  superior  size,  and 
the  form  and  relative  dimensions  of  pm.  3,  pm.  4,  and  m.  2.  It  is  impossible  to  say 
at  present  whether  or  no  the  one  form  may  be  regarded  as  on  the  direct  line  of 
descent  of  the  other. 

Canine  tooth.— In  the  Indian  Museum  there  is  the  canine  tooth  of  a bear 
obtained  by  Mr.  Hacket,  of  the  Geological  Survey,  from  the  Narbada  beds,  which 
may  possibly  belong  to  the  present  species. 

Tibia. — In  figures  3,  3a,  of  plate  XXIX.  of  the  present  memoir1  there  are  given 
two  views  of  the  left  tibia  of  a bear  from  the  Narbada  beds,  presented  by  Mr.  C. 
Frazer  to  the  British  Museum  (No.  39,729).  The  specimen  is  drawn  of  one-third 
the  natural  size,  and  is  viewed  in  figure  3 from  the  anterior,  and  in  figure  3a  from 
the  distal  aspect.  In  point  of  size  the  specimen  might  well  belong  to  the  present 
species.  The  collection  of  recent  osteology  in  the  British  Museum  being  at  the  time 
of  writing  this  passage  inaccessible,  it  has  not  been  found  possible  to  compare  the 
fossil  with  the  tibias  of  recent  bears. 

Distribution. — All  the  remains  which  can  at  present  be  assigned  to  Ursus  namadicus 
have  been  obtained  from  the  pleistocene  Narbada  beds. 
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Genus  II. : HYiENARCTOS,  Falc.  and  Cant. 

Syn.  Agriotherium , Wag.  Amphiarctos,  Sivalarctos,  Blain. 

History. — In  1836  there  appeared  in  the  XIXth  volume  of  the  “Asiatic 
Researches  ” a paper  by  Messrs.  Falconer  and  Cautley,  describing,  without 
illustrations,  the  cranium  and  mandible  of  a large  bear-like  animal  from  the  Siwaliks, 
under  the  name  of  TJrsus  sivalensis.  In  the  following  year  Herr  Wagner1  proposed 
that  this  form  should  be  referred  to  a new  genus  under  the  name  of  Agriotherium. 
Five  years  later  (1841)  M.  de  Blainville,  apparently  ignoring  Wagner’s  name,  also 
came  to  the  conclusion  that  the  Siwalik  animal  was  generically  distinct  from  TJrsus , 
and  proposed  for  it  in  one  place2  the  name  Sivalarctos , and  in  another3 *  Amphiarctos. 
In  1842  Dr.  Falconer  wrote  a notice,  which,  however,  was  never  published  till  1868, 
after  his  death,1  in  which  he  reiterated  his  original  conclusion  that  the  animal  in  , 
question  was  not  generically  distinct  from  TJrsus.  It  appears,  however,  that  soon 
after  that  note  was  written  Dr.  Falconer  must  have  changed  his  opinion,  since  Prof. 
Owen,  in  describing  this  form  in  his  “ Odontography,”5  published  from  1840  to 
1845,  states  that  “ the  term  Hycenarctos  sivalensis  has,  however,  been  provisionally 
assigned  by  its  Discoverers  to  the  extinct  species,  which,  from  the  modification  of 
its  molars,  ought  to  be  regarded  as  subgenerically  distinct  from  the  true  UrsiJ  The 
original  specimens  were  figured  by  Prof.  Owen  (pi.  CXXXI.)  under  the  above- 
mentioned  name.  The  present  writer  has  been  unable  to  discover  the  authority  for 
Professor  Owen’s  statement ; and  it  appears,  indeed,  that  the  passage  quoted  from 
his  work  is  the  one  in  which  the  name  Hycenarctos  first  appears.  In  plate  0 of  the 
supplemental  plates  of  the  “ Fauna  Antiqua  Sivalensis,”  stated  by  Dr.  Murchison6  to 
have  been  executed  about  1848,  the  species  is  designated  TJrsus  ( Hycenarctos ) 
sivalensis.  In  a manuscript  note  of  Dr.  Falconer’s  written  in  18577  the  specimen  is 
alluded  to  simply  as  Hycenarctos.  In  1859  Prof.  Gfervais8  described  under  the  name 
of  Hycenarctos  certain  species  belonging  to  the  same  genus  as  the  Siwalik  form, 
observing  “Le  nom  de  Hycenarctos  n’est  pas  le  soul  qui  ait  ete  donne  au  genre  de 
grands  Carnivores  ursiformes,  qui  a pour  type  1’  TJrsus  sivalensis  ; il  n’est  pas  davantage 

le  plus  ancien Toutefois  le  nom  Hycenarctos  a prevalu.”  In  1877 

Professor  Flower,  in  describing9  some  molar  teeth,  also  adopts  the  same  generic  name. 

It  thus  appears  that  Wagner’s  name  of  Agriotherium  clearly  has  the  priority 

l ‘Munchn.  gelerten  Anzeigen,’  1837.  2 ‘ Compt.  Rend.,’  1841,  p.  165. 

3 “ Osteographie,”  vol.  II.,  pp.  96-113.  4 “ Paleontological  Memoirs,”  vol.  I.,  p.  328.  5 p.  505. 

6 “Palaeontological  Memoirs,”  vol.  I.,  p.  321.  7 ilnd,  p.  329. 

8 “Zoologie  et  Paleontologie  Franchises,”  2nd  od.,  p.  208.  9 ‘ CJuar.  Jour.  Geol.  Soc.,’  vol.  XXXI.,  p.  534. 
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oyer  all  the  other  names.1  The  name  Ilycenarctos  has,  however,  acquired  such  a 
general  acceptation  that  it  seems  best  that  it  should  be  retained,  although  it  is  a 
somewhat  misleading  one. 

The  characters  of  the  genus  will  be  best  given  under  the  head  of  the  species. 

Distribution  and  number  of  species. — Besides  the  three  Indian  species  described 
below,  there  is  the  Ilycenarctos  insignis  of  Grervais,2  from  the  lower  pliocene  of 
Montpellier ; and  a specifically  undetermined  form  from  the  upper  miocene  of 
Alcoi,  in  Spain.3  The  so-called  Ilycenarctos  hemicyon  of  the  same  writer  it  has  been 
shown  above  ip.  202)  should  probably  be  referred  to  a distinct  genus,  under  the  name 
of  Dinocyon,  connecting  the  bears  with  the  dogs.  From  the  upper  pliocene  (Red- 
Crag)  of  England  Prof.  Flower  has  described4  some  molar  teeth,  which  were 
regarded  as  specifically  indistinguishable  from  the  typical  Ilycenarctos  sivalensis  of 
India.  The  Indian  specimens  are  exclusively  confined  to  the  Sind,  Punjab,  and  Sub- 
Himalayan  Siwaliks.  In  an  address  on  the  u Introduction  and  Succession  of 
Vertebrate  Life  in  America,”5  Prof.  0.  C.  Marsh  mentions  (p.  46)  that  the  genus 
occurs  in  the  pliocene  of  South  America ; Prof.  Marsh  has  informed  the  present 
writer  that  the  authority  for  this  statement  rests  with  Mr.  Wallace,6  but  the  source  of 
his  information  is  unknown. 

Putting  aside  as  somewhat  doubtful  its  alleged  occurrence  in  America,  the  genus 
evidently  had  a very  wide  geographical  range  in  the  Old  World,  and  in  time  ranged 
from  the  period  of  the  upper  miocene  to  the  upper  pliocene.7 

Species  1.  HXenarctos  sivalensis,  Falc.  and  Caut. 

Synonyms.  TJrsus  sivalensis , Falc.  and  Caut. 

Agriotherium  sivalense , Wag. 

Amphiarctos  sivalensis , Blain. 

Sivalarctos  sivalensis,  Blain. 

Bistory. — The  history  of  this  species  is  the  same  as  that  of  the  genus  ; the  only 
addition  that  need  be  made  is  that  in  1877  the  present  writer  briefly  described8  a 
mandible,  and  in  the  following  year9  a maxilla  of  Hycenarctos,  which  were  then 
referred  to  the  present  species ; these  specimens  are,  however,  now  considered  as 
specifically  distinct,  and  will  be  described  below. 

Cranium. — The  typical  cranium  is  now  in  the  British  Museum  (No.  39,721),  and  is 
figured  of  one-third  the  natural  size  in  figures  1 , la,  lb,  of  plate  0 of  the  ‘ ‘ Fauna  Antiqua 
Sivalensis  it  is  also  figured,  of  one-fourth  the  natural  size,  in  the  “ Palaeontological 
Memoirs”  (pi.  XXVI.,  fig.  1).  The  dentition  of  one  side  is  figured,  of  the  natural 

1 Pictet  in  his  ‘ Paleontologie  ’ suggested  that  Amyxodon  of  Falconer  and  Cautley  (‘ J.  A.  S.  B.,’  vol.  IV.,  p.  707)  was 
the  same  as  Hycenarctos  : the  former  name  was,  however,  applied  to  the  so-called  Enhydriodon  ( vide  supra,  p.  196) 

2 Op.  cif.,  p.  209.  3 Ibid,  p.  210.  4 Op.  cit.  5 New  Haven,  Conn.,  1877. 

6 “ The  Geographical  Distribution  of  Animals,”  London,  1876,  vol.  I.,  p.  146. 

7 Assuming  that  the  crag  fossil  is  not  ‘ derived.’  8 ‘ Records,’  vol.  X.,  p.  33.  9 Ibid,  vol.  XI.,  p.  103. 
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size,  in  figure  lc  of  the  first-mentioned  plate  ; and,  of  three-fourths  the  natural  size, 
in  figure  2 of  the  second  plate.  The  dentition  is  also  figured  from  the  lateral  and 
palatal  aspects,  of  one-third  the  natural  size,  in  plate  CXXXI.  of  Prof.  Owen’s 
“Odontography.”  In  figure  5 of  plate  XXX.  of  the  present  volume  the  dentition 
of  the  left  side  (the  canine  having  been  restored  from  the  opposite  side)  is  figured 
from  the  palatal  aspect,  of  the  natural  size. 

In  this  specimen  the  carnassial  (pm.  4)  and  the  two  true  molars  are  perfect  on  the 
left,  and  but  slightly  damaged  on  the  opposite  side.  Both  canines  are  present,  that 
of  the  right  side  being  nearly  perfect.  The1  alveoli  of  the  premolars  and  incisors 
are  distinct,  although  the  teeth  themselves  have  dropped  out.  “ The  only  consider- 
able deficiencies  are  in  the  posterior  and  lower  part  of  the  occiput,  both  zygomatic 
arches,  and  in  the  lower  end  of  the  nasals,,  where  a fissure  extends  across  the  face  on 
both  sides  towards  the  orbits.” 

The  incisors,  as  indicated  by  their  alveoli,  were  six  in  number,  and  the  external 
pair  were  larger  than  the  others,  as  is  usual  in  the  family.  The  canines  are  of  huge 
size,  and  present  a sub-oval  section  : the  right  canine  is  worn  down  at  the  apex, 
indicating  that  the  skull  belonged  to  an  aged  animal.  The  antero-posterior  diameter 
of  its  base  is  P4,  and  the  transverse  1 inch.  Behind  the  canine  there  are  three 
alveoli,  which  are  considered  by  Dr.  Falconer  to  have  carried  the  second  and  third 
premolars  (pm.  2 and  pm.  3).,  the  first  of  this  series  being  absent,  and  there  being  no 
space  for  it  between  the  canine  and  pm.  2.  This  view  implies  that  pm.  3,  in  place  of 
being  single-fanged  as  in  Ursus,  must  have  been  implanted  by  two  distinct  fangs. 
The  probable  correctness  of  this  view  is  indicated  by  the  circumstance  that  in  the 
lower  jaw  pm.  4 (biting  against  pm.  3)  is  proportionately  larger  than  in  Ursus ; being 
in  fact  so  large  that,  as  will  be  shown  below,  it  was  mistaken  by  Prof.  Owen  for  the 
carnassial : this  indicates  that  pm.  3 must  have  been  a relatively  large  tooth.  The 
occurrence  of  two  fangs  to  pm.  3 in  the  allied  American  Arctotherium  ( vide  infra),  also 
confirms  this  view.  Uycenarctos  sivalensis,  therefore,  differs  from  the  true  bears  by' 
the  suppression  of  pm.  1,  and  the  larger  size  of  pm.  3 ; the  presence  of  two  fangs  to 
the  latter  is  a canine  character,  exhibited  by  Ceplialogale. 

The  three  hinder  cheek-teeth  present  the  most  marked  distinction  from  the 
corresponding  teeth  of  Ursus.  The  carnassial  (which  in  the  specimen  is  considerably 
worn)  is  relatively  large,  and  slightly  exceeds  the  length  of  either  of  the  true 
molars : in  this  respect  it  differs  from  the  corresponding  tooth  of  Ursus , which  is 
always  shorter  than  m.  1 ; whence  Uycenarctos  is  classed  as  megalo-  and  Ursus  as 
meionocreoclont.  The  blade  of  this  tooth  has  posteriorly  the  two  main  lobes  correspond- 
ing to  those  of  the  ursine  tooth  (pi.  XXVIII.,  fig.  3),  while  in  advance  of  these  there 
is  a talon,  or  another  lobe,  which  is  altogether  unrepresented  in  the  latter,  and 
corresponds  to  the  first  lobe  of  the  Hyaena’s  tooth  (pi.  XXXV.,  fig.  2,  pm.  4) : in 
describing  this  tooth  in  Uycenarctos  it  will  be  well  to  allude  to  this  anterior  division 
of  the  blade  as  a talon.  The  tubercular  portion  of  the  tooth  is  well  developed,  and 
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forms  a bulge  on  tlie  inner  side  of  tlie  blade,  extending  from  a little  in  advance  of 
tlie  first  lobe  of  the  latter  nearly  to  the  hinder  end  of  the  tooth.  On  the  outer 
surface  of  the  blade  there  is  a distinctly  marked  cingulum.  It  is  from  the  somewhat 
distant  resemblance  of  this  tooth  to  the  upper  carnassial  of  the  hyaena  that  the 
generic  name  Iljcenmctos  is  derived.:  the  absence  of  the  least  trace  of  hyaenine 
affinities  . in  the  form  of  the  tubercle  of  the  carnassial,  and  in  the  rest  of  the  dentition 
of  the  latter,  renders  the  name  a somewhat  unfortunate  and  misleading  one,  although 
a change  would  probably  only  lead  to  further  confusion. 

The  two  true  molars,  in  place  of  being  oblong,  as  in  the  true  bears,  with  their 
length  greater  by  a third  than  their  breadth,  are  very  nearly  square.  The  pen- 
ultimate (mA),  if  anything,  is  longer  than  the  last ; the  reverse  of  this  arrangement 
prevailing  in  Ursus.  This  tooth  carries  two  distinct  cusps  on  the  outer  side,  and 
internally  a ridge  indistinctly  divided  into  two  or  three  minor  cusps  : it  is  somewhat 
narrower  internally  than  externally,  and  has  a distinct  cingulum  on  the  outer  side. 
It  is  correctly  remarked  by  Dr.  Falconer  that  the  large  size  of  the  outer  cusps,  or 
lobes,  of  this  tooth,  and  the  presence  of  a ridge  on  the  inner  side,  indicates  the 
commencement  of  a transition  from  the  corresponding  tooth  of  the  true  bears  to  that 
of  the  dogs  ; — a transition  which  will  be  noticed  in  the  other  teeth  of  the  succeeding 
species.  The  last  true  molar  ftn.  2)  is  also  approximately  square,  and  has  the  same 
general  disposition  of  its  cusps  as  in  the  preceding  tooth  : at  its  postero-internal 
angle  it  has  a slight  backward  prolongation,  homologous  with  the  produced  talon  of 
the  corresponding  tooth  of  Ursus. 

Regarding  the  cranium  itself,  this  is  larger  than  that  of  all  species  of  Ursus, 
excepting  perhaps  some  specimens  of.  U.  spdceus  : its  total  length  when  complete  is 
estimated  at  least  at  19  inches.  In  the  profile  of  the  cranium  “ the  most  striking 
feature  is  the  almost  rectilinear  outline,  and  absence  of  any  noticeable  curvature. 
From  along  the  nasals  to  between  the  infra-orbital  processes  is  almost  a straight  line. 
There  is  but  a trifling  degree  of  convexity  from  that  backwards ; and  the  sagittal 
crest  rises  in  a very  prominent  ridge  above  the  parietals.  No  species  of  bear  has  so 
straight  a cranium.”  Tlie  polar  bear  makes,  however,  the  nearest  approach  in  this 
respect.  The  frontals  are  extremely  broad;  and  the  orbits  are  also  large  and  placed 
obliquely:  their  longest  diameter  is  3T  inches.  The  anterior  border  of  the  orbit 
extends  only  a slight  distance  in  advance  of  the  hinder  border  of  m.  2 ; in  which 
respect  the  fossil  approaches  nearest  to  Ursus  labiatus.  The  palate  is  vaulted  both 
transversely  and  antero-posteriorly ; in  the  former  character  approaching  nearest  to 
Ursus  theobalcli.  The  line  of  the  molar  alveoli  is  markedly  convex,  whereas  in  all 
true  bears  it  is  straight.  The  posterior  free  border  of  the  palatines  is  placed  nearer 
to  the  anterior  zygomatic  root  than  in  Ursus.  There  are  three  infra-orbital  foramina 
for  the  facial  branch  of  the  fifth  nerve.  The  condition  of  the  base  of  the  skull  does 
not  admit  of  comparison  with  the  skulls  of  Ursus.  The  dimensions  of  the  specimen 
are  as  follows,  viz. : — 

L 
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Width  at  post-orbital  processes  5'45 

Interval  between  incisors  and  the  same' 9-3 

Width  between  orbits 4- 7 

,,  over  canines  . 4.8 

Length  from  incisive  alveoli  to  posterior  margin  of  palate  . . . . 7'3 

Width  of  palate  between  carnassials 3-35 

Interval  between  canines 2'7 

Length  of  last  three  cheek-teeth 3 -44 

Length  of  pm.  4 1’3 

Width  „ „ „ (at  middle) 0-78 

Length  ,,  m.  1 . 1'2 

Width  1-05 

Length  ,,  ,,  2 1*1 

Width  „ „ „ . . . . . . . 1-2 

Antero -posterior  diameter  of  canine  l-7 

Transverse  ,,,,  ,, l'O 


Mandible. — The  one  known  specimen  of  the  mandible  of  this  species  was  also 
obtained  by  Messrs.  Falconer  and  Cantley  from  the  typical  Siwaliks,  and  is  now  in 
the  British  Museum  (No.  39,722).  It  comprizes  the  greater  part  of  the  horizontal 
ramus  of  the  right  side  ; and  is  figured  from  the  outer  side  (reversed)  in  plate  0,  fig.  2 
of  the  “Fauna  Antiqua  Sivalensis  ” (-§-),  and  in  vol.  I.,  plate  XXVI.,  fig.  3,  of  the 
% Palaeontological  Memoirs”  (^):  it  is  also  figured  from  the  dental  aspect  in  fig.  2a. 
of  the  former  plate  (y),  and  in  figure  4 of  the  latter  (f) : and  in  plate  CXXXI.,  figs. 
3 and  4 of  Prof.  Owen’s  “ Odontography  ” (A).  According  to  the  description  of 
Dr.  Falconer  this  specimen  is  broken  off  where  the  canine  emerges  from  its  alveolus ; 
the  embedded  portion  of  that  tooth  presenting  an  antero-posterior  diameter  of  1*6 
inches,  and  a transverse  of  0-95  inch.  The  cheek-teeth  are  six  in  number,  but  of 
the  two.  first  and  the  last  only  the  alveoli  remain.  The  teeth  are  much  worn, 
indicating  the  advanced  age  of  the  animal.  The  first  alveolus  is  placed  a short 
distance  behind  the  canine,  and  consists  of  a single  cavity,  which  probably  bore  the 
second  premolar  (pin.  2) : there  is  no  indication  of  the  existence  of  pm.  1,  which  is 
commonly  developed  in  Ursns.  The  second  alveolus  is  placed  very  close  to  the  first, 
and  also  to  the  succeeding  tooth : it  must  have  carried  the  third  premolar  (pm.  3)  ; 
and  there  could  not  have  been  another  tooth  between  this  and  the  first  alveolus. 
The  fourth  premolar  is  a distinctly  trilobed  tooth,  and  is  relatively  larger  than  in 
the  genus  Ursus ; — being  in  fact  about  f the  length  of  m72,  whereas  in  the  latter  it 
is  about  i the  same  length.  From  the  relatively  large  size  of  this  tooth  it  is  inferred, 
as  already  mentioned,  that  the  two  alveoli  in  advance  of  the  upper  carnassial  indicate 
that  pm.  3 was  a relatively  large  tooth  inserted  by  two  fangs.  “ The  antepenultimate 
or  carnassier  is  so  defaced1  as  to  give  no  indication  of  form  to  notice,  except  its 
length.  The  pemdtimate  or  first  tubercular  molar  [m.  2]  is  oblong.  It  is  broader 
for  its  length  than  generally  holds  in  the  genus  [Ursits],  and  the  crown  is  less 
complicated  with  tubercles.  Of  the  rear  tubercular  (m.  3)  the  socket  alone  remains, 
the  tooth  having  fallen  out.  It  is  situated  with  considerable  obliquity  to  the  rest  of 


Misprinted  d'fimd  in  Dr.  Falconer’s  memoir. 
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the  series  ill  the  root  of  the  ascending  portion  of  the  ramus.  The  alveolus  is 
inconsiderable,  and  the  tooth  appears  to  have  been  comparatively  small.  The 
inferior  border  of  the  jaw  is  markedly  convex  antero-posteriorly ; and  the  line  of 
the  molar  alveoli  is  somewhat  concave  in  the  same  direction.  The  dimensions  of 


the  specimen  are  as  follows,  viz.  : — 

Extreme  length  of  the  fragment 

Depth  at  pm.  2 

„ ,,  m.  1 . 

Thickness  at  m.  2 

Interval  between  canine  and  pm.  4 
Length  of  three  true  molars  . 

Interval  between  canine  and  hinder  end  of  m.  3 
Length  of  pm.  4 . . . . . 

Width  „ „ „ ..... 


io-3 

2.5 

3-0 

0- 9 

1- 3 
3-25 
5-35 
0-9 
0-5 


Length  ,,  m.  1 1*35 

,,,,,,  2 1-15 

Width  „ „ „ . 0-75 


The  most  characteristic  point  in  the  molar  dentition  of  this  specimen,  after  the 
large  size  of  pm.  4,  is  the  relatively  large  size  of  m.  1,  which  much  exceeds  the  length 
and  width  of  m.  2,  whereas  in  the  true  bears  the  former  tooth  is  always  much  wider 
than  the  latter,  and  is  either  shorter  ( U.  arctos ),  or  very  slightly  longer  ( U.  torquatus). 
In  the  description  of  the  next  species  it  will  also  be  shown  that  the  carnassial  is  of  a 
very  distinct  type  from  the  corresponding  tooth  of  the  true  bears,  being,  as  in  the 
upper  jaw,  of  a much  more  carnivorous  type  of  structure. 

It  should  be  remarked  that  in  describing  this  specimen  Prof.  Owen  came  to  the  con- 
clusion that  the  teeth  here  respectively  regarded  as  pui.4,  mil,  and  m.2,  should  be  classed 
as  m.  1,  m.  2,  and  m.  ;j.  The  incorrectness  of  this  view  is  proved  by  the  presence  of  the 
empty  alveolus  behind  m72  (in.  3 of  Prof.  Owen),  and  by  the  fact  that  the  first  of  the 
three  remaining  teeth  is  far  less  worn  than  the  second,  indicating  that  the  one  is  a 
premolar,  and  the  other  a true  molar.  Should  further  proof  be  required,  it  will  be 
found  in  the  teeth  of  the  perfect  mandible  of  the  next  species  (pi.  XXXI.). 

Femur. — In  plate  XXIX.,  figures  1,  la,  lb,  there  are  given  three  views  of  the 
right  femur1  of  a large  ursoid  animal  obtained  from  the  Siwaliks  of  the  neighbour- 
hood vof  the  Ganges  valley,  and  referred  by  Dr.  Falconer  to  the  present  species.2 
The  specimen  is  now  in  the  British  Museum  (No.  39,723),  and  is  almost  perfect, 
although  it  has  been  fractured  in  the  lower  third  of  the  shaft.  In  figure  2 of  the 
same  plate  there  has  been  figured,  on  the  same  scale,  a right  femur  of  Ursus  spelceus , 
for  the  convenience  of  comparison.  The  Siwalik  specimen  certainly  belongs  to  a 
Carnivore,  and  conies  nearest  to  the  femur  of  the  bears  : as  there  is  no  other  known 
Siwalik  carnivore  but  Eycenarctos  of  sufficient  size  to  have  possessed  such  a femur,  it 
may  be  pretty  safely  referred  to  that  genus ; and  as  it  was  obtained  from  the  same 
region  as  the  skull  and  mandible  of  H.  sivalensis , it  may  probably  be  referred  to  that 
species. 

1 All  the  figures  on  this  plate  are  copied  from  plate  O of  the  “ Fauna  Antiqua  Sivalensis.” 

2 “ Palaeontological  Memoirs,”  vol.  I.,  p.  552. 
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The  femur  of  Uyamarctos  is  distinguished  from  that  of  Ursus  by  its  greater 
general  stoutness,  and  by  the  shaft  being  broader  ,and  flatter,  with  the  terminal 
expansions  proportionately  much  less  developed : the  '?■  head  ’ has  moreover  a much 
shorter  and  less  well-defined  1 neck,’  and  is  placed  more  nearly  in  continuation  of  the 
long  axis  of  the  shaft.  The  great  trochanter  ( left  side  of  top  of  figures  1 and  2)  also 
projects  higher  and  is  generally  larger;  while  the -small  trochanter  is  much  less 
distinctly  developed,  and  is  invisible  from  the  anterior  aspect,  in  which  it  forms  a 
well-marked  feature  in  the  bear  [right' side  of  figure  2,  below  the  1 head ’).  The 
trochlear  surface  for  the  patella  extends  higher  up  on  the  shaft  of  the  bone  in  the 
Siwalik  specimen  than  it  does  in  Ursus.  The  excessive  stoutness  of  the  femur  of 
Hycenarctos  indicates  probably  that  that  animal  was  of  a more  ponderous  type 
than  any  existing  bear.  The  shortness  of  the  ‘ neck  ’ seems  also  to  indicate  that 
the  motion  of  the  upper  part  of  the  hind  limb  was  more  nearly  confined  to  one 
plane  than  is  the  case  in  Ursus ; whence  it  is  not  improbable  that  Hycenarctos  was 
unable  to  ascend  trees. 

Radius  and  ulna. — In  figures  4,  4a,  4b,  of  plate  0 of  the  “Fauna  Antiqua 
Sivalensis”  there  is  represented  the  greater  part  of  the  conjoint  right  radius  and 
ulna  of  a large  carnivore,  referred  by  Dr.  Falconer  to  the  present  species.  The 
specimen,  which  was  collected  by  Messrs.  Baker  and  Durand  from  the  Siwalilcs,  is 
now  in  the  British  Museum  (Nos.  39,725-6)  : the  great  stoutness  of  these  bones  is  in 
harmony  with  the  characters  of  the  femur. 

Metacarpal  and  phalangeal. — In  figures  6,  6a,  6b,  6c,  6d,  and  7,  7a,  7b,  of  the 
last  quoted  plate  there  are  represented  two  fragments  of  bones  of  the  fore  or  hind  foot 
of  a Siwalik  carnivore,  which  are  also  referred  by  Dr.  Falconer  to  the  present 
species  : these  specimens  are  now  in  the  British  Museum  (No.  37,147). 

Alleged  axis. — In  figures  3,  3a,  3b.  3c,  3d,  of  the  same  plate  there  is,  represented 
an  axis  vertebra  from  the  Siwaliks,  now  in  the  British  Museum  (No.  37,143),  which 
is  referred  by  Dr.  Falconer  to  the  present  species.  This  bone  is  much  more 
elongated  than  in  the  true  bears,  its  length  being  4 inches  and  its  breadth  in  the 
middle  1'5  inches;  the  corresponding  dimensions  of  the  axis  of  U.  horribilis  being 
2-7x2 *0  inches.  It  appears  to  be  not  impossible  that  this  bone  may  really  belong  to 
one  of  the  Suina. 

Distribution. — The  foregoing  specimens  comprehend  all  the  known  Indian  remains 
that  can  be  referred  to  the  present  species  ; and  were  all  obtained  from  the  typical 
Siwalik  hills.  It  has  been  already  mentioned  that  Professor  Flower  has  described  some 
molars  from  the  Red  Crag,  which  were  considered  not  improbably  to  belong  to  the 
present  species : it  will,  however,  be  shown  below  that  this  provisional  reference  may 
be  doubtful. 

The  general  affinities  of  the  genus  may  be  more  conveniently  noticed  after  the 
description  of  the  other  species. 
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Species  2.  Hyasnarctos  punjabiensis,  n.  sp.,  nobis. 

History. — The  name  of  this  species  is  mentioned  here  for  the  first  time,  the 
specimens  on  -which  it,  is  founded  having  been  previously  referred  to  the  last  species. 

Upper  molars. — In  figure  2 of  plate  XXX.  there  are  represented  five  associated 
upper  cheek-teeth  belonging  to  the  present  genus,  which  were  collected  by  Mr. 
Theobald  in  the  Siwaliks  of  Ashot,  in  the  Punjab,  in  the  winter  of  1877 : they  are 
the  specimens  briefly  alluded  to  on  page  103  of  the  Xtli  volume  of  the  “Records.” 
When  these  teeth  came  into  the  hands  of  the  present  writer  they  exhibited  signs  of 
having  been  recently  hammered  out  of  their  sockets,  and  there  is  little  doubt  but 
that  they  were  broken  from  a skull  by  the  villagers  who  brought  them  to  Mr. 
Theobald.  In  order  to  preserve  them  as  associated  they  have  been  embedded  in  a 
block  of  plaster.1  The  enamel  of  the  teeth  has  not  been  perforated  by  wear, 
indicating  that  the  animal  to  which  they  belonged  had  only  just  attained  the  full 
development  of  its  permanent  dentition.  The  specimens  comprize  the  carnassials 
(pm.  4)  of  either  side  ; and  two  molar  teeth  of  opposite  sides,  which  from  comparison 
with  ffycenarctos  sivalensis  have  been  found  to  be  the  first  true  molars  (m.  1) : the  tooth 
of  the  right  side  has  been  crushed  and  split.  In  the  left-hand  corner  of  the  tablet 
there  is  a small  conical  tooth,  which  is  evidently  an  early  premolar.  It  will  be 
remembered  that  it  has  been  inferred  that  in  Hycenarctos  sivalensis  pm.  3 was  a 
relatively  large  tooth,  inserted  by  two  fangs ; it  is  accordingly  pretty  certain  that 
the  tooth  under  consideration  cannot  be  pm.  3 (especially  as,  pm.  4 is  > of  large  size), 
and  it  may  therefore  be  considered  as  pm.  2.  It  differs  from  the  corresponding  tooth 
of  H.  sivalensis  by  being  inserted  by  two  distinct  fangs,  and  in  this  respect  differs 
from  all  species  of  Ursus,  and  agrees  with  Cephalogale  and  Gams. 

The  carnassial  (pm.  4)  has  the  blade  consisting  of  two  main  lobes  (p.  m.), 
corresponding  to  the  main  lobes  of  H.  sivalensis  : the  anterior  talon  (a)  is,  however, 
much  less  developed  than  in  the  latter2;  its  respective  length  in  the  two  specimens 
being  0-23  and  0-33  inch.  The  inner  tubercular  portion  of  the  two  specimens  also 
differs  considerably:  thus  in  the  Punjab  tooth  this  part  ends  posteriorly  at  the 
division  between  the  two  main  lobes  of  the  blade,  whereas  in  H.  sivalensis  it  extends 
as  far  back  as  the  middle  of  the  hind  lobe.  In  the  former  the  tubercle  extends  as  far 
forwards  as  the  anterior  border  of  the  first  lobe,  whereas  in  the  latter  it  does  not 
extend  farther  than  a little  beyond  the  middle  of  the  same  lobe.  The  tubercle  of 
the  former  is  also  altogether  larger  than  that  of  the  latter ; and  the  one  tooth  lacks 
the  distinct  external  cingulum  of  the  other.  The  external  contour  of  the  base  of 
the  crown  is  regularly  convex  in  the  Punjab  specimen,  but  in  II.  sivalensis  has  a 
marked  concavity  opposite  the  division  between  the  two  main  lobes  of  the  blade. 

1 The  carnassials  should  have  been  placed  slightly  obliquely  to  the  true  molars. 

2 In  the  present  specimen  the  carnassial  of  the  right  side  is  not  evenly  set  in  the  plaster  : the  tooth  of  the  left  side 
corresponds  in  position  with  the  figured  carnassial  of  H.  sivalensis. 

L 
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Some  of  these  differences  are  exhibited  by  the  following  measurements  : — 

Specimen.  H.  sivalensis. 

Length  of  pm.  4 1-25  ..  1-3 

Width  ,,  .,,  at  middle 0'88  ..  0‘78 

Length ,,  tubercle  of  ditto 0'23  ..  0-33 

Height  of  first  lobe  of  blade  of  ditto 0'78 

With  regard  to  m.  1 the  writer  had  at  first  considerable  difficulty  in  knowing 
which  was  the  anterior  side  of  the  teeth : it  appeared,  however,  from  another 
specimen  with  the  teeth  in  position,  and  also  from  IT.  palceindicus  described  below, 
that  the  first  external  lobe  is  the  tallest  and  narrowest : accordingly  the  first  true 
molars  of  the  specimen  were  placed  as  figured;  the  outline  (m.  1*)  showing  the 
relative  size  of  the  outer  lobes  of  the  left  tooth.  This  tooth  has  a close  general 
resemblance  to  the  corresponding  molar  of  H.  sivalensis  (as  far  as  the  worn  condition 
of  the  latter  admits  of  comparison),  but  is  distinguished  by  the  more  quadrate  form 
of  the  crown,  and  by  the  convexity  of  the  posterior  border  : it  is  also  distinguished 
by  the  smaller  degree  of  development  of  the  external  cingulum,  and  the  somewhat 
less  bold  form  of  the  outer  lobes  : the  most  marked  distinction  is,  however,  the  closer 
approximation  in  the  Punjab  specimen  of  the  central  line  of  the  outer  lobes  and  the 
internal  ridge,  this  interval  being  respectively  0-41  and  0*48  inch  : this  causes  the 
internal  ridge  to  be  placed  further  away  from  the  inner  margin  of  the  tooth  in  the 
Punjab  specimen. 

Hycenarctos  from  the  Red-Crag. — It  will  be  most  convenient  to  consider  here  the 
molar  of  Hycenarctos  from  the  Red-Crag  described 
by  Prof.  Flower  in  the  notice  already  quoted,  and 
A provisionally  referred  to  H.  sivalensis.  By  the 

k courtesy  of  the  Council  of  the  Geological  Society, 
I the  writer  has  been  permitted  to  reproduce  the 
■ woodcut  of  this  tooth  (fig.  5),  which  is  described  as 
a first  upper  true  molar  of  the  right  side.1  It 
S;  H1  be  seen  from  the  figures  that  this  tooth  agrees 

masticating  surface,  b from  the  outer  side : with  II.  sivalensis  in  the  well-marked  external 
the  dotted  line  in  a represents  the  outline  of.  i n jii  1 ,1  • ^ • , l 

a complete  tooth  from  the  same  formation,  cingulum,  the  bold  outer  lobes,  and  the  wide  interval 

Ipswich  Museum.  separating  the  median  line  of  the  latter,  and  the 

internal  ridge.  It  resembles  the  Punjab  tooth  in  the  outline  of  the  crown,  although 
the  concavity  of  the  anterior  border  is  not  observed  in  the  latter : the  internal  ridge 
is  placed  farther  away  from  the  inner  border  of  the  crown  than  in  the  Punjab  tooth, 
and,  therefore,  in  this  respect  differs  very  markedly  from  H.  sivalensis.  The  Crag 
specimen  also  differs  from  the  Punjab  tooth  by  the  internal  ridge  being  markedly 
convex  antero-posteriorly,  in  place  of  nearly  level,  with  a distinct  tubercle  posteriorly. 

Since  it  will  be  shown  below  that  the  first  true  molar  of  the  Punjab  specimen, 


l The  position  of  a in  fig.  5 has  been  reversed  from  the  position  it  occupied  in  Prof.  Flower’s  memoir,  in  order  to 
facilitate  comparison  with  the  Punjab  tooth : it  will  be  noticed  that  in  the  former  the  hinder  external  lobe  is  more  worn  than 
the  anterior  one,  as  is  the' case  with  many  of  the  bears. 
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although  differing  in  a comparatively  slight  degree  from  the  corresponding  tooth  of 
H.  sivalensis , yet  belongs  to  a markedly  distinct  species  ; and  since  the  Crag  tooth 
differs  from  both  the  above  in  nearly  the  same  degree  as  they  do  from  one  another, 
it  seems  to  the  writer  that  the  evidence  for  identifying  the  Crag  tooth  with  H. 
sivalensis  is  by  no  means  certain,  and  he  is  rather  inclined  to  think  that  it  may  belong 
to  a species  distinct  both  from  the  latter  and  from  the  Punjab  species,  although  it 
will  require  more  complete  specimens  of  the  dentition  before  the  question  can  be 
finally  decided. 

Second  maxilla. — In  the  Indian  Museum  there  .is  a specimen  of  a left  maxilla  of 
a species  of  ITycenarctos  (No.  D.  12),  collected  by  Mr.  Theobald 
in  the  Siwaliks  of  the  Punjab,  containing  the  last  three  cheek- 
teeth, the  two  first  of  which  agree  in  all  respects  with  those  of 
the  Asnot  specimen.  The  teeth  are  in  too  damaged  a condition 
to  afford  a good  figure  of  the  whole ; but  the  specimen  is  important 
in  showing  the  last  true  molar,  of  which  a woodcut  (fig.  G)  is  here 
given.  This  tooth  differs  very  markedly  from  the  corresponding 
tooth  of  H.  sivalensis  in  having  its  postero-internal  angle  with  a 
more  marked  production,  being  in  this  respect  very  close  to  the 
corresponding  tooth  of  Arcfotherium  (woodcut,  fig.  7). 

The  fragment  also  shows  that  the  orbit  extended  farther 
forwards  than  in  IT.  sivalensis ; its  anterior  border  reaching  nearly 
as  far  as  the  middle  of  m.  1.  This  causes  ni.  2 to  be  placed  relatively  farther  back, 
whence  on  the  palatal  aspect  it  extends  some  distance  behind  the  anterior  zygomatic 
root,  in  place  of  being  entirely  in  advance  of  it  as  in  H.  sivalensis  (“  F.A.S.,”  pi.  0, 
fig.  la).  In  the  palatal  aspect  of  the  Punjab  specimen  no  portion  of  the  orbital 
surface  of  the  maxilla  comes  into  view,  as  it  does  so  largely  in  the  last-named 
species.  The  Punjab  specimen  also  differs  in  the  much  smaller  vertical  depth  of  the 
anterior  zygomatic  root,  the  respective  diameters  being  1 -75  and  2 ‘5  inches  : this 
probably  indicates  that  the  Punjab  species  was  an  animal  with  a less  ponderous  skull ; 
an  inference  which  will  be  confirmed  by  the  study  of  the  mandible. 

The  dimensions  of  the  teeth  of  the  Asnot  specimen  (No.  D.  6),  of  the  specimen 
under  consideration,  and  of  those  of  II.  sivalensis , are  compared  together  in  the 
following  table : — 

Present  species.  H.  sivalensis. 


Pig.  6.  Eytenarctos  pun- 
jabiensis,  Lyd.  3rd  left 
upper  true  molar,  from  a 
specimen  of  the  maxilla : 
from  the  Siwaliks  of  the 
Punjab.  Ind.  Mus.  (No.  D. 
12). 


Length  of  last  3 cheek-teeth 


D.  12. 
3-48 
1-19 


Width  „ . 

, (at  middle)  .... 

0-94  .. 

0-78 

Length ,,  m.  1 

(outer  ridge)  .... 

1-2 

1:2 

,,  ,,  ,, 

(inner  ,,  ) .... 

1-18  .. 

0-98 

Width  ,,  ,,  ,, 

1-08 

1-05 

Length  ,,  „ 2 

(inner  ridge)  ...... 

1-11 

1-1 

„ „ „ „ 

(outer  ,,  ) 

0-96  .. 

1-0 
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The  second  specimen  exhibits  the  great  width  of  the  tubercle  of  pm.  4 very 
characteristically. 

Mandible. — In  figures  1,  la,  of  plate  XXXI.  of  the  present  memoir  there  are  given 
•two  views  of  a nearly  complete  mandible  belonging  to  the  present  genus  which  is 
of  very  great  importance,  since  this  and  the  fragment  represented  in  figure  2 of  the 
same  plate,  are  the  only  known  specimens  exhibiting  the  complete  lower  carnassial. 
The  nearly  complete  mandible  is  the  specimen  alluded  to  on  page  33  of  the  Xth 
volume  of  the  “ Records,”  and  was  obtained  by  Mr.  Theobald  from  the  Siwaliks  of 
Asnot,  in  the  Punjab  : it  is  now  in  the  Indian  Museum  (No.  D.  8).  The  general 
similarity  of  the  specimen  to  the  mandible  of  Hycenarctos  sivalensis  leaves  not  the 
slightest  doubt  but  that  it  belongs  to  that  genus.  The  almost  unworn  condition  of  the 
molars,  the  precise  similarity  in  the  mineralogical  condition  of  the  specimens,  and  the 
fact  of  their  having  been  obtained  from  the  same  locality  (though  not  in  the  same 
season)  leaves  little  donbt  in  the  mind  of  the  writer  that  the  mandible  belonged  to  the 
same  individual  as  the  upper  molars  represented  in  figure  2 of  plate  XXX.  Be  this, 
however,  as  it  may,  the  -specimens  having  been  obtained  from  the  same  locality,  and 
both  (as  will  be  shown  below)  differing  from  the  corresponding  parts  of  H.  sivalensis , 
and  agreeing  precisely  in  size  and  general  characters  it  is  tolerably  certain  that  they 
belong  to  the  same  species. 

This  magnificent  specimen  comprizes  the  nearly  complete  horizontal  ramus  of 
either  side ; the  only  damage  it  has  sustained  being  that  the  summit  of  the  right 
canine  has  been  hammered  off,  and  two  fragments  broken  out  of  the  left  ramus  : 
these  imperfections  have  been  restored  in  the  figure,  in  which  the  left  ramus  is  shown 
only  in  outline.  Behind  the  canine  the  specimen  shows  the  base  of  a small  and 
closely  approximated  premolar,  which  must  probably  be  regarded  as  the  homologue 
of  the  second  premolar  of  II.  sivalensis,  although  differently  placed.  Behind  this 
tooth  there  is  a long  ‘ diastema,’  and  then  comes  the  single  alveolus  of  a tooth  which 
must  correspond  to  the  third  premolar.  Behind  this  there  is  the  broken  base  of  a 
considerably  larger  tooth,  which,  as  preceding  the  carnassial  (mTT),  must  be  pm.  4: 
this  tooth  about  equalled  in  size  the  corresponding  tooth  of  H.  sivalensis. 

The  carnassial  (m.  l)-  is  a very  large  tooth  which  requires  somewhat  minute 
description.  In  the  first  place  this  tooth  renders  it  certain  that  the  much-worn  long 
tooth  in  the  lower  jaw  of  II.  sivalensis  is  the  carnassial,  and  not,  as  Prof.  Owen 
considered,  the  second  true  molar.  The  tooth  consists  of  a blade  bearing  two  distinct 
outer  lobes,  or  cusps  (b,  c),  and  an  inner  cusp  (a),  behind  which  is  a tubercular 
portion,  which  may  be  most  conveniently  termed  the  talon.1  The  two  main  lobes  of 
the  blade  are  tall,  with  true  sectorial  edges.  Comparing  this  tooth  with  the  carnassial 
of  the  true  bears,  such  as  U.  arctos,  it  will  be  found  that  it  differs  by  its  much  greater 

l There  is  a slight  difficulty  in  the  comparative  nomenclature  of  this  part  of  the  lower  carnassial.  In  the  true  hears  it 
is  scarcely  differentiated  from  the  blade,  while  in  the  hysenas,  when  present  at  all,  it  is  reduced  to  an  unimportant  talon.  In 
the  dogs  and  Hycenarclos  it  is  intermediate  between  the  two.  As  it  is  the  practice  to  term  this  part  a talon  in  the  hysenas,  it 
is  best  to  adopt  the  same  nomenclature  for  the  other'  genera. 
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proportionate  length,  and  more  sectorial  character ; the  latter  being  of  course  most 
marked  in  the  blade.  In  Hycenarctos  the  inner  cusp  of  the  blade  (a)  is  relatively 
small  and  placed  in  great  part  posteriorly  to  the  hinder  outer  lobe  (b) ; whereas  in  the 
bears  it  is  much  larger  and  placed  completely  on  the  inner  side  of  the  hinder  outer 
lobe  which  is  relatively  small.  This  arrangement  in  Hycenarctos  allows  the  main 
lobes  of  the  blade  to  assume  a truly  sectorial  character.  It  is  very  noteworthy  that 
Prof.  Huxley1  has  recorded  an  almost  identical  condition  in  the  dogs,  in  the  less 
specialized  forms  of  which  ( Otocyon ) the  inner  cusp  (anterior  internal  cusp  of  Prof. 
Huxley)  of  the  blade  of  m.  i is  relatively  large,  and  placed  on  the  inner  side  of  the 
hinder  outer  lobe  (anterior  external  cusp);  while  in  the  higher  forms  e.g.  (Cams 
lupus)  the  former  is  small  and  placed  posteriorly  to  the  latter.  In  consequence  of 
these  different  arrangements  the  line  connecting  the  summits  of  the  inner  cusp  and 
the  hinder  outer  lobe  of  the  blade  (cusp-line  of  Prof.  Huxley)  is  nearly  transverse 
in  Otocyon , but  very  oblique  in  the  wolf.  The  corresponding  line  is  transverse  in 
Ursus,  and  very  oblique  in  Hycenarctos.  The  talon  of  the  carnassial  of  the  latter  has 
its  bounding  ridges  considerably  more  developed  than  in  the  former. 

This  tooth  very  closely  resembles  the  carnassial  of  Dinocyon  thenardi 2 ; the  only 
appreciable  difference  between  the  two  being  that  the  talon  is  rather  more  developed 
in  hycenarctos ; and  that  it  carries  two  minute  cusps,  in  place  of  one,  behind  the 
inner  cusp  (a)  of  the  blade  : these  tubercular  cusps  are  much  lower  than  the  inner 
cusp  of  the  blade.  The  differences  between  the  carnassials  of  these  two  genera  are 
indeed  much  less  marked  than  those  existing  between  the  corresponding  teeth  of 
certain  genera  of  the  modern  dogs  and  foxes.  From  the  lower  carnassial  of  Cams 
lupus  the  corresponding  tooth  of  Hycenarctos , except  in  respect  of  size,  scarcely 
differs  more  than  by  the  slighter  development  of  the  cusps  of  the  talon  : the  blade 
is,  however,  somewhat  lower  and  stouter ; but  the  whole  tooth  is  more  like  that  of  a 
dog  than  that  of  a bear. 

The  second  true  molar  (m.  2)  much  resembles  the  corresponding  tooth  of  Ursus 
arctos , but  is  relatively  shorter  and  broader,  and  has  its  cusps  and  ridges  more 
developed.  In  shape  it  is  very  close  to  the  corresponding  tooth  of  Dinocyon  tlienardi : 
it  also  resembles  the  corresponding  tooth  of  Amphicyon  (pi.  XXXII.,  fig.  4),  but  the 
cusj)s  of  the  latter  are  more  distinct ; a character  still  more  marked  in  the  true  dogs. 
In  the  different  stages  of  wear  of  the  two  specimens  it  is  impossible  to  draw  any 
distinction  between  this  tooth  and  the  second  molar  of  Hycenarctos  sivalensis.  - 

The  third  true  molar  (mTF)  has  an  almost  circular  crown,  and  in  this  respect  is 
nearer  to  the  true  dogs  than  to  either  Ursus  or  Dinocyon. 

The  canine  is  considerably  smaller  than  the  canine  of  Hycenarctos  sivalensis , as 
may  be  seen  by  the  measurements  given  below,  and  by  a comparison  of  the  figure 
with  that  of  the  upper  jaw  of  the  latter : it  is  also  distinguished  by  having  a more 
flattened  inner  surface,  bounded  by  well-defined  edges.  This  surface  is  more  flattened 

l ‘ Pro.  Zool.  Soc.,’  1880,  p.  260,  fig.  13,  and  elsewhere.  2 Filhol,  op.  cit.,  pi.  III.,  figs.  4-5. 
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than  in  U.  arctos  (which  again  is  more  so  than  in  U.  torquatus ),  and  more  nearly 
resembles  the  corresponding  part  of  the  carnassial  of  Cams.  The  lower  canine 
of  Dinoc yon  thenar di  is  unknown  ; but  the  upper  is  sub-cylindrical. 

In  regard  to  the  shape  of  the  mandible,  the  inferior  border  is  straight,  in  place 
of  being  convex  as  in  Hycenarctos  sivalensis.  The  vertical  depth  of  the  jaw  consider- 
ably exceeds  the  length  of  the  carnassial  in  which  respect  the  specimen  agrees 
with  Ursus,  Dinocyon , and  Ceplialogale ,‘  and  differs  from  Amphicyon  and  Cams. 

The  dimension  of  the  specimen  are  compared  below  with  those  of  Hycenarctos 
sivalensis : — 


Depth  at  pm.  2 


Thickness  at  m.  2 

Interval  between  canine  and  pm.  4 
,,  ,,  pm.  2 ,,  ,,  3 

Length  of  3 true  molars  . 

Interval  between  canine  and  hinder  end  of  m.  3 


Specimen. 

2-05 

2- 15 

0- 94 

1- 45 
0-75 

3- 52 
5-83 


3-25 

5-35 


Length  of  pm.  4 
Width  „ „ „ 

Length  ,,  'm.  1 

Width  „ „ „ ... 

Length  ,,  ,,  2 
Width  „ „ „ 

Length  ,,  ,,  3 
Width  „ „ „ 

Antero-posterior  diameter  of  canine 
Transverse  ,,  ,,  ,, 

Length  of  ditto 


0- 9 

1- 68 

0- 84 

1- 25 
0-9 
0-67 

0- 67 

1- 13 


2-1 


0-9 

0- 5 

1- 35 

1-15 

0-75 


1-6 

0-95 


These  dimensions  show  that  the  carnassial  is  considerably  longer  than  that  of 
H.  sivalensis , and  m72  considerably  broader : the  jaw  also  has  a much  less  vertical 
height,  indicating  that  this  species  was  a more  slender-jawed  animal  than  the  former; 
— a conclusion  in  harmony  with  that  drawn  from  the  upper  jaw. 

Sind  specimen. — There  is  in  the  Indian  Museum  (No.  D.  28)  a much  battered 
fragment  of  the  symphysial  extremity  of  the  right  ramus  of  the  mandible  of  a 
species  of  Hycenarctos , collected  by  Mr.  F.  Fedden  in  the  lower  Manchhars  (Siwaliks) 
of  Sind,  showing  the  broken  base  of  the  canine  and  pm.  2.  From  the  position  of  the 
latter  tooth  the  specimen  not  improbably  belongs  to  the  present  species. 

Distinctness  as  a species. — The  foregoing  comparisons  leave  no  reasonable  doubt 
but  that  the  specimens  under  consideration  belong  to  a species  distinct  from 
Hycenarctos  sivalensis ; and  also  probably  distinct  from  the  Hycenarctos  of  the 
Red  Crag.  With  II.  insignis,  of  Montpellier,2  it  appears  to  be  more  nearly  related  : 
it  seems,  however,  to  be  distinguished  by  the  greater  backward  prolongation  of  the 
postero-internal  angle  of  m.  2 ; and  the  inner  ridge  of  m,  1 seems  raised  into  more  distinct 
cusps  in  the  European  form,  while  the  inner  and  outer  ridges  are  less  approximated  : 
the  upper  carnassials  of  the  two  agree  in  having  a large  internal  tubercle,  but  the 


l Filhol,  op.  cit.,  pi.  II.,  fig.  2. 


2 Gervais,  “ Zool.  et  Pal.  Franc;.,”  pi.  LXXXI.,  figs.  3-7. 
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anterior  talon  of  the  Indian  form  is  smaller,  though  in  profile  the  two  appear  very- 
similar.  The  two  are  further  distinguished  by  pm.  2 -having  a single  fang  in  H. 
insignis,  and  two  fangs  in  the  Punjab  form.  The  Spanish  Hycenarctos  is  too 
imperfectly  known  for  certain  specific  determination : the  carnassial  has,  however,  a very 
large  internal  tubercle  like  the  present  species  ; but  its  anterior  talon  seems  to  be  larger. 

As  the  present  species  cannot  be  identified  with  either  of  the  other  named  species,  it  is 
entitled  to  a separate  name,  and  the  name  II.  punjabiensis  is  accordingly  proposed  for  it. 

Distribution. — The  remains  described  above,  which,  with  one  exception,  came 
from  the  Punjab,  are  all  that  can  be  referred  to  the  present  species  : the  one  exception, 
the  specific  determination  of  which  is  doubtful,  came  from  Sind.  From  the  occurrence 
of  the  remains  of  this  species  in  the  Punjab  and  Sind  alone,  and  of  those  of  H. 
sivalensis  in  the  more  easterly  Siwaliks  it  is  possible  that  the  two  species  were  limited 
in  their  range.  In  other  species  there  are  not  wanting  signs  of  similar  limits  in  the 
range  of  the  Siwalik  carnivores. 

Species  3.  Hyaenarctos  paiaeindicus,  n.  sp.,  nobis. 

History. — On  pages  103-4  of  the  Xlth  volume  of  the  “ Records  ” mention  is 
made  of  the  maxilla  of  a Hycenarctos  specifically  distinct  from  H.  sivalensis , for 
which  the  name  U.  palceindicus  is  proposed : that  specimen,  with  some  others,  forms 
the  subject  of  the  present  notice. 

Maxilla. — The  maxilla  mentioned  above  is  represented  in  figure  1 of  plate  XXX.: 
it  belongs  to  the  right  side,  and  contains  the  last  three  cheek-teeth  ; and  was  obtained 
by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab.  The  teeth  are  perfect,  with  the 
exception  of  the  summit  of  the  first  main  lobe  of  the  carnassial,  and  have  been  but 
very  slightly  abraded  by  wear.  The  carnassial  (pm.  4)  is  constructed  on  the  same 
general  plan  as  the  corresponding  tooth  of  the  two  preceding  species,  but  is  shorter 
and  wider ; its  inner  tubercle  and  anterior  talon  being  largely  developed.  From  the 
form  of  the  alveolus  of  one  of  the  specimens  of  Dinocyon  hemicyon  figured  by  Prof. 
Gervais1  it  seems  that  the  carnassial  of  that  species  (which  in  the  form  of  its  true  molars 
connects  the  present  species  with  that  genus)  was  constructed  on  the  Hycenarctos  type, 
having  (as  is  seen  from  the  position  of  the  inner  fang)  a large  internal  tubercle  : 
the  step  from  this  type  to  the  carnassial  of  Cephalogale ,2  in  which  the  tubercle,  though 
confluent  with  the  blade,  is  yet  large  and  placed  opposite  the  first  lobe  of  the  blade, 
is  but  small ; and  the  latter  leads  on  to  the  carnassi,al  of  the  true  dogs,  in  which  the 
tubercle  is  very  small,  and  placed  at  the  antero-internal  angle  of  the  crown. 

The  first  true  molar  (m.  1)  of  the  specimen  under  consideration  differs  from  the 
corresponding  tooth  of  both  the  preceding  species  by  being  relatively  shorter,  and  by 
the  internal  angles  being  more  rounded  off : in  both  these  respects  H.  sivalensis  is 
nearer  to  the  present  specimen  than  is  H.  punjabiensis.  The  specimen  is  also  marked 
by  the  greater  prominence  of  the  outer  lobes  and  the  inner  ridge  ; the  latter  showing  a 
distinctly  marked  cingulum  on  its  inner  side,  which  is  entirely  wanting  in  H. 

l Op.  cit.,  pi.  LXXXL,  fig.  8 (Hycenarctos  hemicyon).  2 FilL.ol,  op.  cit.,  pi.  II.,  fig.  4. 
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punjabiensis , although  faintly  marked  in  E.  sivalensis.  On  the  external  surface  there 
is  a very  bold  cingulum  (partly  damaged  in  the  specimen)  extending  across  both 
lobes  of  the  blade : this  cingulum  is  present  in  71.  sivalensis , but  does  not  extend 
across  the  anterior  lobe. 

In  all  the  points  in  which  this  tooth  differs  from  the  first  true  molar  of  the  other 
species  of  Eycenarctos , it  approaches  the  more  dog-like  Dinocyon.  In  the  first  true 
molar  of  the  latter1  the  antero-posterior  shortening  is  carried  to  a still  greater  extent ; 
the  inner  cingulum  is  more  developed,  and  the  inner  transverse  ridge  rendered  less 
prominent.  From  this  tooth  there  is  but  one  step  to  Cephaloyale,2  in  which  the 
cingulum  is  more  widely  separated  from  the  internal  ridge,  which  assumes  a horse- 
shoe shape  ; and  thence  to  Ganis  (woodcut,  fig.  8),  in  which  the  ridge  is  divided  into 
two  distinct  cusps. 

The  last  true  molar  of  the  specimen  differs  from  the  corresponding  tooth  of  the 
two  preceding  species  of  Eycenarctos  by  the  oblique  truncation  of  its  postero-external 
angle,  and  the  entire  absence  of  any  backward  prolongation  of  the  postero-internal 
angle.  In  consequence  of  this  the  hinder  external  lobe  becomes  less  distinct  and  is 
placed  more  internally.  In  respect  of  the  obliquity  of  the  outer  ridge,  E.  punjabiensis 
comes  nearer  to  the  specimen  than  the  other  species.  The  internal  ridge  is  curved, 
and  has  a well-marked  cingulum.  The  absence  of  any  trace  of  a hind  talon  to  this 
tooth  is  one  step  further  away  from  TJrsus  than  is  made  by  the  other  species  of 
Eycenarctos  : the  oblique  position  of  the  line  of  the  external  lobes  is  a dog-like 
character,  displayed  in  the  last  molar  of  Dinocyon : in  that  genus,  however,  the  last 
molar  is  smaller  antero-posteriorly  than  the  penultimate,  although,  as  in  Cephaloyale , 
this  character  is  not  so  strongly  marked  as  in  Ganis.  The  last  molar  of  the  present 
specimen  is,  therefore,  intermediate  between  the  corresponding  tooth  of  the  other 
species  of  Eycenarctos  and  Dinocyon . 

In  the  following  table  the  dimensions  of  the  specimen  under  consideration  are 
compared  with  those  of  Eycenarctos  sivalensis  and  77.  punjabiensis , and  Dinocyon  thenardi 
and  D.  hemicyon  : — 


Length  of  last  three  cheek-teeth 
,,  ,,  pm.  4 

Width  ,,  ,,  ,,  (at  middle)  . 

Length  , , m.  1 (outer  ridge) 

,,  ,,  „ ,,  (inner  „ ) 

Width  „ „ „ 

Length,,  ,,  2 (inner  ridge)  . 

,,  ,,  ,,  ,,  (outer  ,,  ) . 

Width  ,,  ,,  ,,  (anteriorly) 

,,  ,,  ,,  ,,  (posteriorly) 


•£ 

§ 


^ 3 •48 

1-25  1-19 

0- 88  0-94 

1- 18  1-2 

M2  1-18 

1-08  1-08 

Ml 

0- 96 

1- 05 
0-9 


I 


3-44 

1-3 

0-78 

1-2 

0- 98 

1- 05 
11 
1-0 
1-2 
1-1 


1 ! J 

m O O 

3-1 
1-09 
0-81 

1-06  ..  1-05  ..  1 09 

0- 92  ..  0-75  ..  0-95 

1- 06  ..  M4  ..  1-38 

1-0  ..  0-77  ..  1-02 

1-05  ..  0-77  ..  1-05 

M3  ..  1-04  ..  1-45 

0-97  ..  0-95  ..  1-15 


i Gervais,  op.  cit.,  pl.-LXXXI 


2 Filhol,  op.  cit.,  pi.  II.,  fig.  4. 


Filhol,  op.  cit.,  pi.  III.,  fig.  11. 
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The  small  fragment  of  the  external  surface  of  the  maxilla  that  still  remains 
attached  to  the  specimen,  though  too  imperfect  to  afford  any  satisfactory  figure, 
shows  that  the  skull  must  have  differed  very  considerably  from  that  of  II.  sivalensis, 
or  II.  punjabiensis. . In  both  those  species  the  external  surface  of  the  maxilla  extends 
a considerable  distance  above  the  anterior  root  of  the  zygoma  with  but  a very  slight 
degree  of  inward  inclination,  indicating  the  straightness  of  the  facial  profile  in  both. 
In  the  present  specimen,  on  the  contrary,  the  maxilla  is  suddenly  bent  almost 
at  a right  angle  at  the  zygomatic  root,  indicating  that  the  facial  profile  must 
have  been  suddenly  angulated  at  the  orbit,  in  much  the  same  manner  as  in  Ursus 
spelceus. 

Distinctness,  of  species. — The  foregoing  comparisons  leave  no  doubt  that  the 
maxilla  under  consideration  belongs  to  a species  distinct  both  from  H.  sivalensis  and 
H.  punjabiensis ; and  as  the  specimen  presents  no  marked  resemblance  to  II.  insignis 
or  to  the  Hycenarctos  of  the  English  Crag  it  may  be  safely  referred  to  a new  species, 
for  which  the  name  palceinclicus  may  be  adopted.  The  general  resemblance  of  the 
teeth  to  those  of  the  more  typical  species  of  Hycenarctos  is  so  close  that  the  species 
may,  at  all  events  provisionally,  be  referred  to  the  same  genus.  It  affords  a marked 
step  from  the  more  bear-like  typical  species  in  the  direction  of  the  more  dog-like 
Dinocyon. 

Upper  canine , Whicli  may  belong  to  this  species. — In  figure  3 of  plate  XXX.  there  is 
represented  a canine  tooth  of  an  ursoid  animal  obtained  by  Mr.  Theobald  from  the 
Siwaliks  of  the  Punjab  (Ind.  Mus.  No.  D.  11).  From  its  highly  curved  form  this 
tooth  very  probably  belongs  to  the  upper  jaw,  and  if  so,  to  the  right  side.  The 
summit  of  the  crown  has  been  broken  off,  but  the  portion  remaining  shows  that  this 
was  sub-circular,  with  a partially  flattened  posterior  surface,  bounded  by  a ridge  at  the 
postero-external  angle.  The  tooth  is  less  compressed  than  the  canine  of  Ursus , and 
is  more  like  that  of  Hycenarctos  sivalensis , but  much  smaller,  and  with  a more  regular 
section:  it  lacks  the  marked  flattened  inner  face  of  the  canine  of  H.  punjabiensis. 
Under  these  circumstances  it  is  not  impossible  that  it  may  belong  to  the  present 
species.  The  profile  of  the  whole  tooth  strongly  resembles  that  of  the  canine  of 
Dinocyon,1  but  the  section  of  the  crown  is  less-  elliptical.  The  antero-posterior 
diameter  of  the  base  of  the  crown  is  O' 92,  and  the  transverse  O’ 87  inch. 

Mandible  which  may  belong  to  the  present  species. — In  figures  2 and  3 of  plate 
XXXI.  there  are  represented  two,  probably  associated,  fragments  of  the  mandible  of  a 
species  of  Hycenarctos  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  Jabi  in  the 
Punjab,  which  may  belong  to  the  present  species.  The  first  specimen  (fig.  2)  is  a 
part  of  the  left  ramus,  containing  pm.  4 and  mTT ; the  second  (fig.  3)  is  from 
the  opposite  side,  and  contains  m.  2.  The  dimensions  of  these  specimens  are 
compared  below  with  those  of  the  corresponding  teeth  and  jaw  of  H.  punjabiensis, 
viz.  : — 


l Filliol,  op.  cit.,  pi.  III.,  fig.  1. 
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Specimens. 

H.  punjabiensis. 

Depth  at  pm.  4 . 

1-72 

..  2-24 

„ ,,  m.  1 

1-6 

2-15 

Length  of  pm.  4 

0-9 

Width  „ „ „ 

0-52 

Length  ,,  m.  1 

1-68 

Width  ,,,,,, 

0-83 

0-84 

Length  ,,  ,,  2 

1*15 

1-25 

Width  „ „ „ 

0-89 

..  0-9 

These  dimensions  show  that  this  mandible  is  much  more  slender  than  that  of 
E.  punjabiensis  ; while  the  carnassial  and  m.2  are  slightly,  and  pm.  4 is  very  consider- 
ably, smaller  than  the  corresponding  teeth  of  that  species.  The  latter  tooth  is 
triangular  in  outline,  and  lias  a compressed  conical  crown,  with  fore-and-aft  trenchant 
edges : it  lacks  the  distinct  talons  of  the  same  tooth  in  II.  swalensis.  Though 
relatively  larger,  it  much  resembles  the  corresponding  tooth  of  some  species  of  Ursas 
(e.g.  U.  torquatus ) ; and  is  almost  precisely  similar  to  its  homologue  in  Cephalogale}  It 
differs  from  pm.  4 of  Canis  by  the  absence  of  the  two  posterior  talon-cusps.  Besides 
these  differences  in  size  the  specimens  differ  from  both  the  other  Siwalik  species,  by 
the  third  premolar  (pm.  3),  as  shown  by  its  alveoli,  having  had  two  fangs,  in  place 
of  a single  one.  In  this  respect  this  mandible  differs  from  Ursus  and  agrees  with 
Cephalogale  and  Cams : the  corresponding  tooth  of  Dinocyon  is  unknown.  In  com- 
parison with  E.  punjabiensis  the  carnassial  has  its  blade  shorter  in  proportion  to  the 
talon  portion ; and  on  the  inner  side  of  the  latter  one  of  the  two  cusps  ( immediately 
to  the  left  of  a , fig.  2)  is  very  much  larger, — being  nearly  of  the  same  size  as  the 
postero-internal  cusp  of  the  blade  (a).  The  second  true  molar  (fig.  3)  has  its  cusps 
rather  more  boldly  developed  than  in  the  corresponding  tooth  of  H.  punjabiensis , but 
is  otherwise  similar.  The  most  remarkable  point  about  the  specimen  containing  m72 
is,  however,  that  behind  that  tooth  (left  side  of  fig.  3),  there  is  not  the  slightest  trace  of 
the  alveolus  of  m~3.  The  jaw  is  unfortunately  somewhat  broken  at  the  place  where 
that  tooth  should  have  been  inserted,  but  enough  remains  to  show  that  it  must  have 
been  either  completely  absent,  or  reduced  to  an  exceedingly  minute  size.  The  total 
suppression,  or  minute  size  of  this  tooth,  is  a character  totally  unknown  in  Ursus , 
but  occurs  among  the  modern  dogs  ( Gy  on ). 

Another  noteworthy  character  of  the  specimen,  and  one  in  which  it  agrees  more 
nearly  with  the  true  dogs  than  with  any  of  the  present  group  of  animals,  is  the 
comparative  slenderness  of  the  mandible.  It  will  be  observed  that  the  depth  of  the 
mandible  only  slightly  exceeds  the  length  of  the  carnassial ; whereas  in  Ursus  and 
the  other  species  of  Eywnarctos  the  former  dimension  is  very  greatly  in  excess  of 
the  latter.  In  Dinocyon  and  Cephalogale  very  similar  relations  prevail,  but  in  Canis 
and  its  allies  the  depth  of  the  mandible  is  generally  either  equal  to,  or  less  than 
( C . aureus)  the  length  of  the  carnassial.  The  generalized  genus  Cynodictis  is  inter- 
mediate in  this  respect. 


Filhol,  op.  cit.,  pi.  IX.,  fig.  3. 
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The  foregoing  comparisons  prove  conclusively  that  the  mandible  under 
consideration  belongs  to  a species  of  Hycenarctos  specifically  distinct  both  from 
H.  sivalensis  and  II.  punjabiensis.  Its  somewhat  smaller  size,  and  certain  canoid 
characters  of  the  dentition  render  it  not  improbable  that  it  may  belong  to  H. 
palceindicus  ; but  if  this  be  not  the  case  it  must  be  referred  to  a fourth  species.  As 
indicative  of  the  former  view  it  is  not  impossible  that  the  suppression  of  m.  3 may 
be  correlated  with  the  total  absence  of  the  hind  talon  of  m.  2 in  IT.  palceindicus. 

It  is  worthy  of  remark  that  the  four  known  Siwalik  specimens  of  the  skull  or 
upper  molar  dentition  of  Hycenarctos  belong  to  three  distinct  species  ; and  that  the 
specifically  determinable  specimens  of  the  mandible  also  indicate  three  species, — 
probably  identical  with  the  others.  This  indicates  the  extreme  richness  in  species 
of  the  Siwalik  Carnivora,  and  the  rarity  of  their  remains ; and  should  serve  as  a 
strong  inducement  to  the  continued  collection  of  Siwalik  fossils. 

Distribution. — All  the  remains  that  can  be  referred  to  the  present  species  have 
been  obtained  from  the  Punjab. 

Affinities  of  Hycenarctos. 

Dental  formula. — Having  now  described,  as  far  as  they  are  known,  the  three  Siwalik 
species  of  the  genus,  it  remains  to  take  into  consideration  its  general  affinities. 
The  dental  formula  may  be  represented  as  follows,  viz.,  I.  f (?),  C.  j,  Pm.  •§, 
M.  - 2)-3).  In  all  the  species,  as  far  as  known,  pm.  3 was  inserted  by  two  fangs  : in 
H.  sivalensis  pm.  2 had  one  fang,  but  two  fangs  were  present  in  H.  punjabiensis.  In 
both  these  species  pm.  3 had  only  a single  fang,  but  in  the  mandible  provisionally 
assigned  to  IT.  palceindicus  this  tooth  was  furnished  with  two  fangs.  The  upper  true 
molars  of  R.  punjabiensis  are  the  most  bear-like,  and  those  of  R.  palceindicus  the  most 
dog-like ; the  latter  species  shows  moreover  indications  of  strong  canine  affinities  in 
its  lower  premolars. 

Comparison  with  Arctotherium. — In  the  first  edition  of  the  u Zoologie  et 
PaHontologie  Framjaises,”1  Prof.  Gervais  described  certain  remains  of  a large  bear- 
like animal  from  the  pleistocene  of  S.  America  under  the  name  of  Ursus  bonariensis  ; 
and  at  a later  period  figured  the  lower  molars  under  the  same  name.2  In  1860  M. 
Bravard  described  the  remains  of  an  ursine  animal  from  the  same  deposits  under  the 
name  of  Arctotherium  latidens?  Still  later  Prof.  Gervais  published  another  note,4  in 
which  he  came  to  the  conclusion  that  his  Ursus  bonariensis  was  subgenerically  distinct 
from  Ursus , and  was  in  all  probability  specifically  identical  with  Arctotherium  latidens , 
Brav.  : it  was  also  mentioned  that  the  specific  name  bonariensis  had  the  undoubted 
priority ; and  that  the  genus,  or  sub-genus,  was  allied  to  Ursus  ( TremarctosJ  ornatus 
of  Chili. 

1 Paris,  1848-5'2,  vol.  I.,  p.  189.  2 ‘Ann.  d.  Sci.  Nat. — Zool.,’  vol.  III.,  p.  330. 

3 “ Catalogue  des  especes  d’Animaux  Fossiles  recueilles  dans  l’Amerique  de  Sud,”  Parana,  1860. 

4 ‘ Coinptes  Rendus,’  vol.  LXV.,  p.  811.  1867 
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In  the  collection  of  the  British  Museum  there  is  exhibited  the  skull  and  a 
considerable  portion  of  the  skeleton  of  the  Arctotherium 1 of  Bravard,  obtained  by 
him  from  Buenos- Ayres ; and  from  the  comparison  of  the  lower  molars  of  the  so- 
called  Ursus  bonariensis  with  that  specimen,  there  appears  to  be  no  doubt  but  that,  as 
suggested  by  M.  Gervais,  the  two  are  specifically  identical : the  proper  name  of  the 
species  will,  therefore,  be  Arctotherium  bonarieme  (Gferv.).2  Recently  Professor  Cope3 
has  given  a preliminary  description  of  an  ursoid  skull  from  the  caves  of  California, 
which  is  provisionally  referred  to  the  genus  Arctotherium^  under  the  name  of  A. 
simum : this  species  is  said  to  be  distinguished  by  the  absence  of  any  diastema. 

After  this  unavoidable  digression,  which  was  necessary  to  show  the  proper 
name  of  the  extinct  bear  of  Buenos-Ayres, 
the  comparison  with  Hycenarctos  may  be 
undertaken.  In  the  first  volume  of  the 
“ Palaeontological  Memoirs  ”5  there  is  given 
a note  by  Dr.  Falconer  relating  to  a com- 
parison which  he  made  between  the  skull 
of  Arctotherium  bonariense  sent  to  the 
British  Museum  by  M.  Bravard,6  and 
Hycenarctos  sivalensis.  By  the  courtesy  of 
the  Keeper  of  the  Geological  Department 
of  the  British  Museum,  the  writer  has  been 
enabled  to  give  a woodcut  (fig.  7)  of  the 
palatal  aspect  of  this  fine  specimen.  The 
first  part  of  Dr.  Falconer’s  note,  referring 
to  the  upper  dentition,  may  be  quoted  at 
length,  and  is  as  follows,  viz.7 : — 

u All  the  teeth,  or  their  alveoli,  present 
on  both  sides,  and  the  number  exactly  identical  with  that  of  Hycenarctos  sivalensis. 

“1.  A small  premolar  [pm.  2],  touching  the  canine  is  present  on  the  right  side. 

“ 2.  A two-fanged  premolar  [pm.  3],  the  alveoli  only  remaining  on  both  sides. 

“ 3.  A tooth  [pm.  4]  resembling  the  third  of  Hycenarctos,  but  more  worn  and 
broader  for  the  length.  Instead  of  possessing  three  external  cusps,  the  flat  summit, 

1 The  specimen  is  labelled  Arcloidotherium,  Brav.,  MSS.:  the  author  not  having  seen  M.  Bravard’s  memoir  is  unaware 
whether  the  name  was  originally  given  as  Arctotherium  or  Arctoidotherium  : it  is,  however,  quoted  as  Arctotherium  by  M. 
Gervais. 

2 Unless  the  name  Urtus  braziliensis,  Lund.,  which  probably  belongs  to  {he  same  species  has  the  priority,  in  which  case 
the  name  will  be  A . braziliense  (Lund) . 

3 ‘ American  Naturalist,’  Dec.,  1879. 

4 Mr.  Cope  mentions  Arctotherium , Gerv.,  in  place  of  Arctotherium , Brav.  5 pp.  329-30. 

6 In  the  original  note  the  Buenos- Ayres  specimen  is  simply  alluded  to  as  a “ huge  ursine  head,”  without  any  generic  or 

specific  name. 

7 In  quoting  this  note  an  obvious  misprint  has  been  corrected : several  slipshod  sentences  have  been  put  into  better  form, 
and  some  of  the  terms  employed  altered  to  those  employed  in  this  memoir. 
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which  is  much  worn,  only  shows  the  disks,  which  are  confluent,  of  two  lobes,  the 
anterior  small  talon,  which  is  so  well  defined  in  Hycenarctos , being  wanting ; but 
there  is  the  great  agreement  of  a mesial  inner  tubercle  placed  opposite  the  transverse 
axis,  as  in  Hycenarctos. 

u 4.  A square  molar  [m.  1],  consisting  of  two  outer  and  two  inner  cusps,  the 
outer  pair  having  the  discs  confluent,  and  also  the  inner.  It  is  more  moderate  in 
form  than  the  Siwalik  tooth,  and  resembles  the  last  of  Hycenarctos. 

u 5.  A last  molar  [m.  2],  as  in  Hycenarctos , which,  instead  of  being  quadrate, 
has  the  inner  posterior  discous  surface  produced  behind,  so  as  to  make  the  tooth 
oblong  instead  of  square.  The  outer  line,  as  in  the  Siwalik  fossil,  consists  of  two 
tubercles.” 

The  upper  carnassial  of  Arctotlierium  is  essentially  that  of  a bear,  the  lobes  of 
the  blade  not  having  the  marked  sectorial  character  of  those  of  Hycenarctos  [compare 
woodcut  fig.  7,  and  plate  XXX.,  fig.  2) : that  character  being  most  marked  by  the 
deepness  of  the  cleft  between  the  two.  The  true  molars  of  the  former  are  inter- 
mediate between  those  of  JJrsus  and  Hycenarctos : the  form  of  m.  2 approaching 
nearest  to  its  homologue  in  H.  punjabiensis. 

In  the  palate  the  backward  extension  of  m.  2 behind  the  anterior  root  of  the 
zygoma  in  Arctotlierium  is  in  excess  of  that  which  occurs  in  the  last-named  species,  and 
is,  therefore,  very  different  from  H.  sivalensis.  The  facial  portion  of  the  skull  is  much 
shorter  than  that  of  the  "latter ; the  profile  of  the  face  markedly  concave,  and  the 
frontal  region  more  prominent:  in  the  latter  characters  there  seems  to  be  a 
resemblance  to  H.  palceindicus , but  the  dentition  of  that  form  is  widely  different. 

In  the  mandible  there  seem  to  have  been  four  premolars  each  of  the  first 
three  inserted  by  a single  fang,  but  the  fourth  having  two  fangs  : the  latter  tooth  is 
shorter  and  thicker  than  the  corresponding  tooth  of  II.  sivalensis.  The  number,  and 
mode  of  implanation  of  the  premolars  is  the  same  as  in  JJrsus.  The  carnassial2  is  of 
a much  less  distinctly  sectorial  nature  than  that  of  Hycenarctos,  being  about  inter- 
mediate between  that  tooth  and  the  carnassial  of  JJrsus.  The  second  and  third 
premolars  are  also  intermediate  between  the  corresponding  teeth  of  the  two  genera. 

From  the  suppression  of  pm.  1,  the  double  roots  of  pm.  3,  the  squareness  of  m.  1? 
and  the  smaller  extent  of  the  backward  prolongation  of  the  talon  of  m.'2,  it  is  pretty 
certain  that  the  South  American  fossil  is  generically  distinct  from  JJrsus,  and  the 
above-mentioned  comparisons  leave  as  little  doubt  that  it  is  equally  distinct  from 
Hycenarctos  : it  forms  in  fact  a genus  almost  precisely  intermediate  between  the  other 
two : II.  punjabiensis  being  the  species  of  Hycenarctos  most  nearly  related  to  it.  From 
the  study  of  the  teeth  Dr.  Falconer  came  to  the  conclusion  that  while  Hycenarctos 
was  probably  carnivorous,  Arctotlierium  subsisted  on  a vegetable  diet.  The  writer  is 
unable  to  see  that  Arctotlierium  presents  any  especial  relationship  to  JJrsus  ornatus. 

1 There  is  some  confusion  in  Dr.  Falconer’s  note  on  these  teeth. 

2 Gervais,  * Ann.  Sci.  Nat.,’  op.  cit.,  pi.  V.,  fig-.  1.  1 

0 
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The  generic  distinctness  of  Arctotherium  is  confirmed  by  the  character  of  the 
femur,  of  which  there  is  a specimen  in  the  British  Museum.  This  bone  in  the  form 
of  its  1 head  ’ and  1 neck  ’ is  like  the  femur  of  Ursus,  but  is  laterally  expanded,  as  in 
Hycenarctos ; being  on  the  whole  intermediate  between  the  two,  but  nearer  to  that  of 
the  former- 

Generic  distinctness . — From  the  comparisons  given  above  there  can  be  little  doubt 
of  the  generic  distinctness  of  Hycenarctos  from  all  the  allied  forms.  In  describing 
the  Crag  specimens  Prof.  Flower  remarks1  that  “it  is  certainly  very  closely  allied  to 
the  true  bears,  though  in  its  dentition  somewhat  less  specialized  than  the  modern 
representatives  of  the  group.”  The  observations  recorded  above  strongly  confirm  this 
relationship,  through  Arctotherium ; but  exhibit  equally  strongly,  through  H. 
palceindicus  and  Dinocyon , a marked  affinity  with  the  dogs.  The  writer  is  unable  to 
agree  with  Prof.  Flower  in  considering  the  dention  of  Hycenarctos  as  less  specialized 
than  that  of  Ursus ; its  much  more  markedly  carnassial  character  being  in  his  own 
opinion  a character  of  greater  specialization.  The  simply  tuberculate  molar  dentition 
of  Ursus  approaches  more  nearly  than  that  of  any  other  carnivorous  genus  to  the 
molars  of  the  bunodont  Suina,  and  since  it  has  lately  been  shown2  that  there  are 
some  remarkable  indications  of  affinity  existing  between  certain  extinct  Suina 
(Achcehodon)  and  the  bear-like  Carnivora,  it  is  not  impossible  that  this  simple  type  of 
dentition  may  be  a retention  of,  or  a reversion  to,  an  original  primitive  form. 

In  the  following  diagram  it  has  been  attempted  to  indicate  in  the  most 
provisional  manner  the  probable  relationship  of  Hycenarctos  to  allied  Carnivora.. 
The  present  extent  of  knowledge  does  not  permit  the  construction  of  a complete 
genealogical  tree,  and  it  does  not  necessarily  follow  that  the  genera  placed  in  the 
lower  lines  are  the  direct  ancestors  of  those  in  the  higher  lines  with  which  they  are 
connected  by  vertical  lines.  The  genera  placed  on  the  same  horizontal  line  indicate 
that  there  is  at  present  no  indication  of  one  being  the  direct  descendant  of  another  : — 


Ursus  —Arctotherium— Hysenarctos  — 

\ r~ 


Canis  (etc.) 


punjabiensis,  sivalensis,  palceindicus.  i 

Dinocyon  | Ceph 
Amphicyon 


HYiENID^S. 

V 

VlVEBRIDJE. 


Cynodictis. 


1 Op.  cit. 

2 H.  F.  Osborn,  “ On  Achcenodon,  an  Eocepe  Bunodont.”  ‘Contributions  from  E.  M.  Mus.  of  Geol.  and  Archaeol.  of 
Princeton  College— Bulletin  No.  3 ’—Princeton,  U.S.A.,  May,  1883. 
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Undetermined  Tooth. 

In  figure'  4 of  plate  XXX.  there  is  represented  a canine  tooth  of  a carnivore, 
obtained  by  Mr.  W.  T.  Blanford  from  the  Siwaliks  of  Pegu,  British  Burma.  From 
its  extreme  straightness  the  specimen  probably  belongs  to  the  lower  jaw.  The  tooth 
is  more  cylindrical,  and  straigliter  than  the  canine  of  any  known  species  of  Ursus  : 
in  the  former  respect  it  comes  nearer  to  Hycenarctos , but  is  distinct  from  any  of  the 
canine  Teeth  described  above.  The  specimen  is  insufficient  even  for  generic 
determination.  The  antero-posterior  diameter  at  the  base  of  the  crown  is  084,  and 
the  transverse  082  : the  summit  has  been  broken  off,  and  the  enamel  chipped  away 
in  many  places. 

Group  B : GANINJE. 

Genera  classed  in  the  group: — In  the  account  of  the  family  Ursidce , in  which  the 
present  group  is  included,  it  has  been  mentioned  that  no  satisfactory  distinction  can 
be  drawn  between  tire  fossil  representatives  of  the  bear-like  and  the  dog-like  animals  ; 
the  genus  Dinocyon,  which  is  arbitrarily  included  in  the  former  group,  having  fully 
as  much  affinity  with  the  latter' : the  present  group  must,  therefore,  be  regarded  as 
a purely  arbitrary  one,  framed  for  the  convenience  of  working.  It  is  equally 
probable  that  in  the  opposite  direction  the  group  shades  imperceptibly  into  the 
Viverndce,  though  the  complete  chain  is  not  yet  known. 

In  regard  to  the  existing  wolves,  jackals,  foxes,  etc.,  which  may  be  collectively 
called  dogs,  forming  the  family  Ganidce  of  recent  zoology,  Professor  Huxley,  in  a 
recent  memoir,1  has  shown  that  their  dentition  exhibits  a remarkable  progressive 
serial  development,  or  specialization,  in  four  directions; — viz., firstly,  in  the  relatively 
increasing  size  of  the  whole  dentition  to  that  of  the  skull;  secondly , in  the  pro- 
portionate increased  size  of  the  carnassial  teeth  to  the  hinder  cheek-teeth  ; thirdly,  in 
the  diminution  in  size,  or  disappearance,  of  the  hinder  true  molars  ; and,  fourthly , in 
the  structure  of  the  carnassials.  In  respect  of  the  two  first  points2  the  following 
table,  taken  from  the  memoir  cited,  exhibits  the  proportionate  length  of  the  carnassial 
teeth  to  the  basicranial  axis  (=100),  and  to  the  succeeding  cheek-teeth  in  six  species 


Janis,  viz.  : — 

A. 

B. 

C.  zerda. 

C.  littoralis. 

C.  famelicus. 

C.  vulpes. 

C.  niloticus.  C.  argentatus. 

Length  of  pm- 4 

20-6 

22-4 

23-5 

27-3 

28-3 

28-5 

„ „ m^l  . 

17-3 

18U 

18- 

19-4 

19-4 

20-5 

„ „ mTT  . 

24- 

. 27-2 

28- 

30-5 

31-1 

34-4 

>>  ,,  m-2  . 

14- 

15-7 

13-5 

14-7 

14-4 

15. 

1 ‘ Pro.  Zool.  Soc.,’  1880,  pp.  238-88. 

2 It  is  unnecessary  for  the  purpose  of  the  present  memoir  to  give  Professor  Huxley’s  cranial  characters  of  the  alopecoid 
and  thooid  dogs,  as  these  are  very  generally  inapplicable  to  palaeontological  purposes : for  this  reason  both  are  included  in  the 
genus  Car/is,  and  are  not  separated  as  Vulpis  and  Canis. 
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These  measurement  show  in  the  first  place  that  in  group  A the  cheek-teeth  are 
relatively  smaller  than  in  the  group  B,  so  that  the  one  may  he  termed  microdont , and 
the  other  macrodont forms  ; and  they  also  show  that  while  pm.  4,  m.  1,  and  m.  1,  m.  2 all 
become  larger  between  G.  zerda  and  G.  argentatus , the  increase  is  far  greater  on  the 
part  of  pm.  4 than  on  that  of  m.  1,  and  of  m.  1 than  on  that  of  mTA1  (See  woodcut 
figure  8).  The  following  table,  calculated  from  Professor  Huxley’s  measurements, 
exhibits  the  proportionate  length  of  pm.  4 to  m.  1 (=1-0)  in  three  species  of 
microdonts,  and  three  of  macrodonts,  viz. : — 


Canis  zerda 

— littoralis 

— azarse 

— argentatus 

— lupus 

— vulpes 


1-19  \ 

1*23  | microdonts. 
1-26  ) 


1-39  \ 

1-4  > macrodonts. 
1-4  ) 


As  this  relationship  is  more  available  for  palaeontological  purposes  than  the 
relations  of  the  teeth  to  the  basicranial  axis,  it  is  proposed  (as  has  been  done  with 
the  mustelines  and  the  bears)  to  term  the  forms  with  small  carnassials  meionocreodonts , 
and  those  with  large  carnassials  megalocreodonts  : it  may  be  convenient  to  class  with 
the  latter  all  those  forms  in  which  the  proportionate  length  of  pm.  4 exceeds  1*34. 

The  accompanying  woodcut 
(fig.  8)  exhibits  the  megalo- 
creodont  character  of  C. 
argentatus , and  the  accom- 
panying diminution  in  size 
of  m.  2;  and  m.  3. 

Regarding  the  structure 
of  the  carnassials,  in  the 
genus  ( anis , in  which  the 
number  of  the  cheek-teeth 
is  normally  pm.  f- , m.  f ,2  and 
Gy  on  ( Guon),  in  which  the 
true  molars  are  §,  the  upper 
carnassial  (pm.  4)  consists  of 
a distinct  bilobed  blade,  with 
a relatively  small  tubercle 
(inner  cusp)  at  its  antero- 
internal  angle.  In  Otocyon3 
in  which  the  number  of  the 


fit’  larger 


Fig.  8.  The  cheek-teeth  of  the  recent  Canis  arg>ntatus  (A,  A'), 
and  C.  littoralis  (B,  B') : the  former  'p>  the  latter  f this 
arrangement  makes  the  length  of  m- 1 the  same  in  hoth,  and 
consequently  exhibits  well  the  megalocreodont  character  of  the 
former  and  the  meionocreodont  character  of  the  latter,  a b, 
a'  b'  cusp-lines:  ^7§  in  BA  was  absent,  and  is  figured  from 
another  specimen. 

clieek-t,eeth  is  pm.  f , m.  [H],  the  dentition  is  microdont  and  meionocreodont,  and  the 


1 Quoted  with  some  alterations  from  Prof.  Huxley’ s memoir. 

2 In  C.  canerivorus  the  number  is  pm.  §,  m.  und  M.  Filhol  [op.  cit .)  has  shown  that  in  the  long-jawed  domestic 

races  like  the  greyhound  m.3  is  occasionally  present,  while  in  the  short.jawed  races  like  the  bull-dog  is  sometimes  absent. 

3 Huxley,  op.  cit.,  fig.  .13. 
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inner  tubercle  of  pm.  4 is  extremely  large  and  bilobate,  and  placed  more  posteriorly 
than  in  .Canis.  This  disposition  is  analogous  to  that  prevailing  in  the  generalized 
genus  Cynodictis ; and  in  conjunction  with  the  presence  of  additional  cheek-teeth,1 
the  microdont  dentition,  and  the  small  size  of  the  carnassial,  probably  indicates  that 
Otocyon  is  a survival  of  a primitive  form  of  dog.  On  the  opposite  side  of  Canis  to 
Otocyon  is  Icticyon 2 (considered  by  Prof.  Huxley  as  subgenerically  distinct  from  Canis), 
in  which  the  number  of  the  cheek-teeth  is  pm.  f,  m.  {~1 ; 2 being  either  absent  or 

very  much  reduced  in  size,  and  the  inner  cingulum  of  m.  1 wanting : the  carnassial 
(pm.  4)  is  relatively  large,  with  a proportionately  small  internal  tubercle,  and  a 
distinct  anterior  talon  (‘  accessory  cusp  ’ of  Prof.  Huxley),  of  which  there  is  generally 
no  trace  in  the  true  dogs.3  This  talon  is  homologous  to  the  anterior  talon  of  pm.  4 
of  Hycenarctos  (pi.  XXX.  fig.  2 : a),  and  its  presence  in  Icticyon  (the  most  specialized 
living  dog)  and  its  general  absence  in  Canis,  is  precisely  analogous  to  its  presence  in 
Hycenarctos,  and  its  absence  in  JJrsus. 

The  lower  carnassial  presents  an  analogous  series  of  modifications : — thus  in 
Otocyon 4 the  inner  cusp  of  the  blade  is  placed  on  the  inner  side  of  the  hinder  lobe  of 
the  same,  which  it  nearly  equals  in  size ; and  the  line  connecting  the  summits  of  the 
two  (cusp-line)  runs  nearly  at  right  angles  to  the  long  axis  of  the  crown.  In  Canis 
{woodcut  fig.  8)  and  Cyon  the  inner  cusp  becomes  in  the  microdont  forms  (BJ) 
reduced  in  size  and  placed  behind  the  second  lobe  of  the  blade,  causing  the  cusp-line 
{a,  b)  to  become  oblique ; while  in  the  macrodont  forms  ( A !)  these  modifications 
become  still  more  developed.  In  Icticyon ,5  in  which  m.  3 is  absent  and  m.  2 much 
reduced  in  size,  the  inner  cusp  of  the  blade  has  totally  disappeared ; and  the  hinder 
talon  of  the  crown  is  much  reduced  and  has  lost  its  inner  cusp,  in  consequence  of 
which  it  becomes  simply  trenchant  in  place  of  cup-shaped.6  As  has  been  previously 
noticed,  the  alteration  in  the  size  and  position  of  the  inner  cusp  of  the  blade  from 
Otocyon  to  Canis  is  precisely  similar  to  that  which  occurs  from  JJrsus  to  Hycenarctos. 
The  South  African  genus  lycaon  {Hycenoides),  represented  only  by  L.  pictus,  has  the 
dentition  of  megalocreodont  forms  of  Canis,  but  is  distinguished  by  the  absence  of 
the  pollex  ; though  there  is  a rudiment  of  its  metacarpal. 

The  foregoing  observations  show  that  among  the  existing  dogs  the  specialization 
of  the  dentition  is  marked  by  the  gradual  reduction  in  the  number  and  size  of  the 
hinder  cheek-teeth,  and  in  the  increasing  size,  and  advancing  sectorial  character  of 

1 The  author  cannot  agree  with  Prof.  Huxley  in  regarding  the  occasional  presence  of  m.  4.  and  the  presence  of  5174  in 
Otocyon , as  indicative  that  the  immediate  ancestors  of  the  group  had  m.  J ; as  if  such  were  the  case,  it  is  almost  certain  that 
some  of  the  older  canoids  would  show  all  these  teeth.  It  is  more  probable  that  the  presence  of  these  teeth  is  a mere  redundancy, 
perhaps  caused,  as  Ml  Filhol  supposes,  by  the  length  of  the  jaws.  It  is,  however,  unnecessary  to  apply  this  explanation,  as 
is  done  by  that  writer,  to  the  presence  of  m.  3. 

2 Huxley,  op.  cit.,  fig.  16. 

3 As  noticed  by  Prof.  Huxley  this  talon  occurs  in  Canis  bengalensis  and  some  other  species. 

4 Huxley,  op.  cit.,  fig.  13.  5 Ibid,  fig.  16. 

6 The  writer  is  unable  to  accept  the  classification  of  the  Canidcc  proposed  by  Prof.  Cope  (‘  Bui.  U.  S.  Geol.  Surv.,’ 
vol.  VI.,  p.  178),  since  the  definition  of  Icticyon  is  “ heel  of  inferior  molar  [carnassial]  basin-shaped.” 
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the  carnassial  teeth  ; and,  what  is  most  remarkable,  that  these  variations  are  precisely 
analogous  to  those  occurring  in  the  arctoid  genera  TJrsus  and  Hycenarctos.  The 
latter  fact  must  be  considered  to  indicate  that  progressive  development  (as  in  some  other 
instances)  has  taken  place  in  different  groups  in  parallel  directions.  The  following 
formulae  show  the  reduction  in  the  number  of  the  cheek-teeth  in  the  four  above, 
mentioned  canoid  genera,  vis. : — Otocyon , pm.  |,  m.  Canis?  pm.  m.  ■§,  Cyon, 
pm.  f , m.  f , Icticyon , pm.  m.  Turning  to  the  fossil  forms  it  will  be  found  that 
it  is  quite  impossible  to  arrange  the  genera  under  which  these  are  classed  in  any 
regular  taxonomic  order,  since  some  of  them  diverge  in  the  direction  of  the  bears, 
and  others  in  that  of  the  Viverridce.  It  will,  on  the  whole,  be  simpler  to  commence 
with  the  more  generalized  forms. 

In  Cynodictis , Pomel  and  Brav.,  of  the  Quercy  phosphorites,  the  number  of  the 
cheek-teeth  is  pm.  f,  m.  §,  and  the  dentition  is  essentially  microdont  and 
meionocreodont : pm.  4 has  its  inner  tubercle  very  large  and  placed  sub-mesially : in 
in.  1 the  inner  cusp  of  the  blade  is  also  large  and  situated  somewhat  as  in  Otocyon , so 
that  the  cusp-line  is  transverse.  Although  this  genus  undoubtedly  presents  viverrine 
affinities,  yet  the  form  of  pm.  4 is  nearer  to  that  of  Cephaloyale , and  so  is  connected 
with  the  dog-like  bears : the  relatively  large  size  of  the  second  lobe  of  the  blade  of 
m.  1 is  a canine  rather  than  a viverrine  character ; — the  two  lobes  being  sub-equal  in 
length  in  the  latter  group.  The  close  resemblance  of  the  skeleton  of  Cynodictis  to 
that  of  Amphicyon  has  been  pointed  out  by  M.  Filhol,2  and  Prof.  Huxley3  notices  a 
resemblance  between  the  skull  of  the  former  and  certain  existing  American  Canidce. 
Prof.  Cope4  refers  certain  N.  American  fossil  Canidce  to  the  genus  Galecynus,  Owen,  but 
from  the  synonyms  quoted,  and  from  the  statement  that  similar  forms  occur  in  the 
Quercy  phosphorites,  it  is  to  be  presumed  that  Galecynus  is  considered  by  Prof.  Cope 
as  equivalent  to  Cynodictis.  Professor  Huxley,  however,5  sees  no  reason  to  generically 
distinguish  the  typical  (Eningen  Galecynus  from  Canis ; indicating  that  the  former 
genus  has  no  affinity  with  Cynodictis. 

The  genus  Cynodon ,6  Aymard,  of  the  lower  miocene  of  Europe,  has  the  same 
dental  formula  as  Cynodictis , and  is  equally  microdont  and  meionocreodont;  the 
tubercle  of  pm.  4 is,  however,  less  developed,  and  placed  more  anteriorly  than  in  the 
latter.  In  m.  1 the  inner  cusp  of  the  blade  is  reduced  in  size  and  the  talon  very 
large  ; pm.  1 is  very  small  and  approximated  to  the  canine,  and  the  lower  premolars 
are  simple.  In  many  of  the  points  in  which  this  genus  differs  from  Cynodictis  it 
approaches  Canis,  but  the  large  size  of  the  talon  of  m . 1 is  a viverrine  character. 

In  the  allied  genus  Amphicy melon?  Filhol,  in  which  the  number  of  the  cheek- 
teeth is  the  same  as  in  the  preceding,  pm.  1 is  very  small,  and  all  the  premolars  are 

1 Canis  is  taken  to  include  Vulpes,  Urocyon,  Baird,  and  probably  Galecynus  ; for  palaeontological  purposes  lycaon  may 
also  be  included  with  it. 

2 “ Notes  sur  quelques  Mammiferes  Fossiles,  etc.,”  p.  97.  3 op.  cit.,  p.  281.  4 op.  cit.,  p.  180. 

5 op.  cit.,  p.  280.  6 Filhol,  “ Mammiferes  Fossiles  de  Eonzon,”  pi.  IX.^  figs.  40-41., 

7 Ibid,  pi.  VIII.,  figs.  25,  29. 
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closely  approximated : pm.  2 and  pm.  3 are  more  trenchant  and  compressed  than  in 
Cynodictis,  and  the  former  has  no  talons : all  the  premolars  are  more  elongated  than 
in  Gynodon.  The  upper  carnassial  has  a well-developed  inner  tubercle  ; placed  more 
anteriorly  than  in  Cynodictis,  and  more  distinct  than  in  Gynodon.  The  true  molars 
are  larger  than  in  the  latter,  and  resemble  those  of  Cynodictis.  The  ascending  ramus 
of  the  mandible  is  extremely  different  from  that  of  Gynodon  and  Cynodictis , and  is 
said  to  resemble  that  of  Lutra  : m.  i has  a much  shorter  tubercular  portion  : pm.  4 has 
a hind  talon-cusp,  but  is  less  complex  than  in  Ganis. 

The  genus  Amphicyon , 1 Lartet,  is  distinguished  from  all  its  allies,  except  Otocyon , 
by  the  presence  of  m.  3 ; the  number  of  the  cheek-teeth  being  pm.  j,  m.  -§  : m.  3 is, 
however,  normally  small,  and  M.  Filhol  has  shown2  that  in  one  species  ( A . ambiguus ) 
this  tooth  is  extremely  minute,  and  occasionally  absent.  The  presence  of  this  tooth 
probably  indicates  that  the  dogs  and  bears  originally  descended  from  a stock  in 
which  the  full  number  of  the  eutheroid  dentition  was  present.  In  noticing  this 
genus  Prof.  Huxley3  remarks  that  “in  the  shortness  of  pm.  44  relatively  to  m.  1,  the 
large  size  of  m.  2 relatively  to  m.  1,  and  of  m.  2 relatively  to  m.  1,  the  dentition  of 
Amphicyon  repeats  the  general  characters  of  that  of  Cynodictis .”  In  certain  specimens 
of  A . ambiguus , however,5  pm.  4 is  relatively  much  longer  in  proportion  to  m.  1 than 
in  the  latter  genus — the  proportions  in  the  individual  referred  to  being  1*4:  TO; 
indicating  a megalocreodont  character.  From  measurements  given  by  M.  Filliol6  it 
appears,  however,  that  megalocreodontism  may  exist  with  meionocreodontism  in 
different  individuals  referred  to  the  same  species ; apparently  indicating  that  certain 
individuals  had  attained  in  this  respect  a specialization  as  great  as  that  of  the  most 
specialized  modern  dogs  ; while  others  ( A . lemanensis 7)  had  not  advanced  beyond  the 
Cynodictis  stage.  The  upper  carnassial  is  very  like  that  of  Canis,  but  has  a larger,  though 
similarly  placed,  external  tubercle  : the  inner  cusp  of  the  blade  of  m.  1 is  larger  than  in 
Canis,  and  the  ‘ cusp-line  ’ less  oblique  : the  upper  true  molars  are  intermediate  between 
those  of  Cynodictis  and  Canis,  but  on  the  whole  nearer  those  of  the  latter.  The 
ursoid  characters  of  the  limbs  and  some  parts  of  the  skulls  have  been  already  alluded 
to.  On  the  whole  Amphicyon  appears  to  be  a generalized  genus,  somewhat  more 
advanced  in  the  direction  of  the  bears  and  modern  dogs  than  Cynodictis , and  of 
which  some  species  had  attained  a considerable  dental  specialization. 

From  Amphicyon  and  Cynodictis  the  transition  is  very  gradual  to  Cephalogale  and 
Dinocyon,  the  latter  of  which,  as  previously  mentioned,8  cannot  be  distinguished  by 
any  characters  of  more  than  generic  value  from  the  hysenarctoid  bears.  In  the 
former9  the  number  of  the  cheek-teeth  is  the  same  as  in  Canis  : the  earlier  premolars 
have  simple  compressed  crowns  : m.  1 has  the  inner  cusp  of  the  blade  small,  but  the 

1 Pseudocyoti,  Lartet,  Cynelos,  Jourdan,  Agnotlierium,  Kaup. 

2 “ Notes  sur  quelques  Mammiferes  Fossiles,  etc.,”  p.  76.  3 op.  cit.,  p.  282.  4 Misprinted  pm.  4. 

5 Filliol,  “ Phosphorites  du  Quercy,”  figs.  23-6  (A.  ambiguus). 

6 “ Notes  sur  quelques  Mammiferes,  Foss.,  etc.,”  p.  26.  7 Ibid,  pi.  I.  8 Vide,  p.  202. 

9 Filhol,  “ Notes  sur  quelques  Mam.  Foss.,  etc.,”  pi.  II. 
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hind  talon  large : pm.  4 has  its  internal  tubercle  large,  and  placed  further  back  than 
in  Ganis , thus  indicating  affinity  with  Dinocyon  hemicyon  : m.  2 is  relatively  large : m.  1 
is  almost  exactly  like  that  of  Ganis.  The  base  of  the  skull  and  the  limb-bones 
present  considerable  resemblances  to  those  of  Amphicyon. 

The  genus  Vulpavus  has  been  formed  by  Prof.  Marsh1  on  the  evidence  of 
some  upper  molars  from  the  eocene  of  Wyoming : these  teeth  are  said  to  differ  from 
those  of  existing  foxes,  by  their  relatively  larger  transverse  diameter. 

Of  the  remaining  genera,  Brachycyon ,2  Filhol,  from  the  Quercy  phosphorites,  is 
a meionocreodont  form,  only  known  by  the  mandible,  and  distinguished  by  the 
absence  of  pm.  1 ; the  number  of  the  lower  cheek-teeth  being  Pm.  7,  M.  7.  It  is 
considered  to  be  closely  allied  to  Amphicyon. 

Temnocyon ,3  Cope,  from  the  miocene  of  North  America,  has  Pm.  f , M.  § : this 
genus  is  said  to  be  distinguished  from  Ganis  by  the  hind  talon  of  mTi  being 
trenchant,  in  place  of  cup-sliaped,  and  by  the  presence  of  an  epitrochlear  foramen 
to  the  humerus  : in  the  former  character  it  agrees  with  Icticyon,  and  in  the  latter  with 
Amphicyon  and  the  bears.4 

Enhydrocyon ,5  Cope,  from  the  same  formation  is  distinguished  from  Temnocyon 
by  the  absence  of  the  first  premolars,  and  perhaps  of  m.  3 ; the  formula  of  the 
cheek-teeth  being  Pm.  f , M.  ^ : it  agrees  with  Temnocyon  in  the  trenchant  form 
of  the  hind  talon  of  m.  1. 

In  Uycenocyon,6  Cope,  also  from  the  miocene  of  North  America,  the  formula  of 
the  cheek-teeth  is  Pm.  M.  ^L.  It  is  somewhat  doubtful  if  this  genus  belongs  to  the 
Ganince ; if  it  does,  its  dentition  is  numerically  more  specialized  than  that  of  any 
other  genus  ; Icticyon  coming  nearest  in  this  respect. 

Palceocyon?  Lund,  from  the  pleistocene  of  South  America,  has  Pm.  f,  M.  f , and 
agrees  with  Icticyon  in  the  absence  of  the  tubercle  of  pm.  4,  and  the  inner  cusp  of  the 
blade  of  m.  1 : it  appears  to  be  megalocreodont. 

Speothos,  Lund,  of  the  same  deposits,  is  considered  by  Prof.  Huxley8  to  be 
probably  the  same  as  Icticyon. 

Ly corns?  Bourg1 , is  a megalocreodont  wolf  from  the  caverns  of  France,  of 
which  only  the  mandible  and  lower  dentition  are  known : it  agrees  with  Enhydrocyon 
and  Brachycyon  in  the  suppression  of  pm.  I,  - the  number  of  the  lower  cheek-teeth 
being  Pm.  7,  M.  7;  but  differs  from  the  former  in  the  cup-sliaped  talon  of  m.  1.  In 
the  opinion  of  the  present  writer  the  mere  absence  of  pm.  1 is  not  sufficient  to  justify 
generic  distinction  from  Ganis. 

1 “American  Journal  of  Science,”  3rd  ser.,  vol.  II.,  p.  124.  The  genus  Dromocyon,  Marsh  (Ibid),  vol.  XII.,  p.  403,  is 
allied  to  Uymnodon. 

2 Filhol,  “ Phosphorites  du  Quercy,”  figs.  27-9.  3 Cope,  op.  cit.,  p.  179. 

4 M.  Filhol  (“  Notes  sur  quelques  Mammiferes  Fossiles,  etc.,”  p.  82)  quotes  Prof.  Cope  to  the  effect  that  the  ursine  post* 
parietal  foramen  is  present  in  this  genus  : in  the  passage  quoted,  however,  the  presence  of  this  foramen  is  denied  by  Prof.  Cope. 

3 Cope,  op.  cit.,  p.  178.  6 Ibid,  p.  181.  7 Huxley,  op.  cit.,  pp.  279-80.  lalcccyon,  Blain .=Arclocyon. 

8 Ibid,  p.  280.  9 Bourguignat,  ‘Ann.  d.  Sci.  Geol.,’  vol.  VI.,  pi.  XVIII. 
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The  genus  E llocyon,  Aym.,  may  perhaps  be  referred  to  the  Viv  err  idee.  Arctocyon , 
Blain.,  is  too  imperfectly  known  for  its  position  to  be  accurately  determined;  Prof. 
Cope  makes  it  the  type  of  a family  of  his  order  Creodonta.  Hemicyon , Lartet,  is 
provisionally  referred  to  Dinocyon  ; and  Pseudocyon , Lartet,  to  Amphicyon.  Hydrocyon , 
Lartet,  is  said  to  have  a dentition  intermediate  between  that  of  the  dogs  and  the 

Genus  I. : AMPHICYON,1  Lartet. 

Syn.  Agnotheriwn,  Kaup  (in  parte).  Cynelos,  Jourd.  (?)  Pseudocyon , Lartet. 

Dentition. — As  this  genus  is  more  nearly  allied  to  the  bears  than  Oanis,  it  is 
placed  first : many  of  its  dental  characters  have  already  been  mentioned,  and  it  will, 
therefore,  suffice  to  indicate  in  what  respects  the  individual  hinder  cheek-teeth  differ 
from  those  of  Canis.  According  to  M.  Filliol,2  pmT3  may  or  may  not  have  a posterior 
talon-Cusp  ; the  latter  being  present  in  all  species  of  Canis  except  C.  palceolycos.  In 
m.  1 the  inner  cusp  of  the  blade  is  larger  and  placed  more  forward  than  in  Canis , 
although  some  of  the  meionocreodont  forms  of  the  latter  make  a near  approach  in 
this  respect : this  tooth  in  AmpMcyon  is  in  fact  intermediate  between  that  of  Cynodictis 
and  Canis.  In  pm.  4 the  inner  tubercle  is  larger  than  in  Canis,  the  whole  tooth  being 
intermediate  between  the  carnassials  of  Canis  and  Cynodictis.  The  two  last  lower 
true  molars  are  almost  indistinguishable  from  those  of  Canis.  In  m.  1 the  two  outer 
lobes  are  generally  placed  more  internally  than  in  Canis , forming  two  isolated 
pyramids  on  the  crown,  instead  of  being  continuous  with  the  outer  wall  as  in  the 
latter : A.  ambiguus  is,  however,  intermediate  in  this  respect : in  typical  species  this 
tooth  approaches  Cynodictis.  This  tooth  is  also  more  developed  transversely  than  in 
Canis  ; its  cingulum  embracing  more  of  the  inner  half  of  the  crown  (though  there  is 
a certain  amount  of  variation  in  this  respect  between  different  individuals  of  C. 
lupus)  : and  the  two  inner  tubercles,  in  place  of  being  distinct  as  in  Canis , united  into 
a crescent  placed  internally  to  the  cingulum. 

Distribution. — According  to  Prof.  Gaudry3  the  earliest  appearance  of  the  genus 
in  Europe  is  in  the  middle  eocene  [Stage  des  sables  de  Beauchamp) ; and  it  survived  till 
the  middle  miocene  of  Sansan.  It  is  represented  in  the  miocene  of  North  America, 
and  in  the  Siwaliks  of  India. 

Number  of  species.- — The  following  list  comprizes  the  best  determined  of  the 
named  species,  exclusive  of  the  Siwalik  form,  which  is  described  below.  Owing  to 
the  confusion  in  the  synonomy  of  the  European  species,  it  is  possible  that  this  list 
may  not  be  in  all  respects  perfectly  correct. 

1.  Amphicyon  ambiguus,4  Filhol.  Quercy  phosphorites. 

M.  3 very  small,  and  may  be  absent : pm  4 sometimes  very  large : m.  1 more  canoid  than 
in  any  other  species : the  species  was  about  equal  in  size  to  C.  lupus. 

1 The  name  Amphicyon  was  applied  by  Lartet  in  1837  (‘  Compt.  Bend.,’  vol.  V.,  p.  424),  and  that  of  Agnotlierium  by 
Kaup  in  1833  (“  Oss.  foss.  d.  Musee  d.  Darmstadt”)  : the  latter  has,  therefore,  the  priority,  but  the  former  has  gained 
universal  acceptation. 

2 “ Notes  sur  quelques  Mammiferes  Fossiles,  etc.,”  pp.  78-81. 

3 “ Les  Enchainements  du  Monde  Animal,  etc.— Mammiferes  Tertiaires,”  p.  4. 

4 “ Phosphorites  du  Quercy,”  figs.  22-6,  41-3. 


247—70  INDIAN  TERTIARY  AND  POST-TERTIARY  VERTEBRATA. 


2.  Amphicyon  angustidens,1  Marsh.  Miocene,  N.  America. 

Known  only  by  a fragment  of  the  mandible : equal  in  size  to  a small  fox. 

3.  Amphicyon  brevirostris2  (Croiz.).  Low.  miocene,  Clermont. 

Canis  brevirostris,  Croiz.  Cams  issiodorensis,  Blain. 

Amphicyon  issiodorensis,  Blain. 

Dentition  considerably  smaller  than  that  represented  in  woodcut  fig,  8,  B (p.  241). 

4.  Amphicyon  curtum,3  Filhol.  Quercy  phosphorites. 

5.  Amphicyon  cuspigerus,4  Cope.  Miocene,  N.  America. 

A small  species,  with  teeth  about  the  size  of  those  of  A.  vetus. 

6.  Amphicyon  dominans,5  Myr.  Miocene,  Europe. 

A rather  small,  and  apparently  undescribed,  species. 

7.  Amphicyon  entoptychi,6  Cope.  Miocene,  N.  America. 

About  equal  in  size  to  the  American  kit  fox  ( Canis  \_Vulpes~\  fulvns). 

8.  Amphicyon  eseri,7  Plien.  Miocene,  Europe. 

An  imperfectly  known  species. 

9.  Amphicyon  giganteus,8  Laur.  Miocene,  France. 

A very  large  species  of  which  only  m.  1 and  a canine  are  known : the  transverse 
diameter  of  the  former  is  1*5  inches  : the  species  is  considered  by  De  Blainville  as 
probably  identical  with  A.  major, 

10.  Amphicyon  hartshornianus,9  Cope.  Miocene,  N.  America. 

About  the  size  of  the  coyote  ( Canis  ochropus) ; with  the  molars  relatively  small. 

11.  Amphicyon  helveticus,10  Pictet  and  Humbert.  Miocene,  Switzerland. 

A provisional  species,  with  teeth  considerably  smaller  than  those  of  the  wolf ; is  said 
to  present  certain  resemblances  to  Hycenodon. 

12.  Amphicyon  intermedius,11  Myr.  Mid.  miocene,  Europe. 

A large  species,  with  a trenchant  outer  cusp  to  the  talon  of  mY,  and  the  premolars  very 
small  and  widely  separated. 

13.  Amphicyon  lemanensis,12  Pomel.  Miocene,  France. 

A.  blainvillei,  Gerv.  A.  lepiorhynchus,  Pomel. 

A.  elaverensis,  Gerv.  A.  minor,  Blain  (in parte). 

A.  gracilis,  Pomel.  Cynelos  langengis,  Jourd. 

A microdont  and  meionocreodont  species,  with  a skull  about  the  size  of  that  of  the 
wolf. 

I ‘ Amer.  Journ.,’  3rd  ser.,  vol.  II.,  p.  124.  2 Blainville,  “ Osteographie,”  Gen.  Canis.  pi.  XIII. 

3 ‘ Comptes  Rendus,’  vol.  XCI.,  p.  344.  The  writer  has  had  no  opportunity  of  seeing  this  notice. 

4 ' Bui.  U.  S.  Geol.  Surv.,’  vol.  VI.,  p.  178. 

5 ‘ N.  Jahrh.,’  1843,  p.  388:  according  to  Peters  (‘  Dentes . k.  Ac.  Wissens.  Wien,'  math.  nat.  Cl.,  vol.  XXIX.,  1869, 
p.  191),  the  species  is  only  known  hy  this  preliminary  notice. 

6 ‘ Pro.  Am.  Phil.  Soc.,’  vol.  XVIII.,  p.  371.  t ‘ Wurtemh  , Jahreshb.,’  vol.  V„  p.  216,  pi.  I. 

8 Blainville,  “ Osteographie.”  Gen.  Subursus,  pi.  XIV.  {A.  d’Avaray).  9 ‘Bui.  U.  S.  Geol.  Surv.,’  op.  cit. 

10  Pictet,  “ Paleontologie  Suisse,”  vol.  V.,  p.  135. 

II  Suess,  “ Tiber  Amphicyon  intermedius  von  Tuchoric  in  Bohmen  ” (‘  Sitz.  k.  Ac.  Wissens.  TPien-,  ’vol.  XLIII.,  p.  224)  • 
and  Peters  (“  Zur  Kenntniss  der  Wirbelthiere  aus  den  Miocanschicten  von  Eibiswald  ”)— 1 1 Denies,  tc.  Ac.  Wisscn.  Wien,' 
math.  nat.  Cl.,  vol,  XXIX.,  1869,  p.  190,  pi.  III. 

12  Filhol,  “ Notes  sur'  quelques  Mam.  Foss,  etc.,”  p.  2,  pi.  I. 
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14.  Amphicyon  major,1  Blain.  Mid.  miocene,  Sansan. 

A.  crassidens,  Pom.  A.  minor,  Blain  {in parte). 

A.  laurillardi,  Pom.  (?)  Pseudocyon  sansaniensis,  Lart. 

A species  of  which  some  specimens  are  as  large  as  a brown  bear. 

15.  Amphicyon  vetus,2  Leidy.  Miocene,  North  America. 

A species  rather  smaller  than  Cam's  latrans  : very  small. 

16.  Amphicyon  zibethoides3  (Blain.).  Mid.  miocene,  Sansan. 

Viverra  zibethoides,  Blain. 

A small  species,  of  which  the  generic  determination  is  somewhat  uncertain. 

From  the  miocene  of  N.  America  Prof.  Leidy  has  described4  a small  species 
under  the  name  of  A.  gracilis : the  name  had,  however,  been  previously  applied  by 
Pomel  to  one  of  the  European  species  ( A . lemanensis ),  and  should,  therefore,  be 
changed.  The  species  is  smaller  than  Cams  bengalensis,  and  its  lower  carnassial  is 
remarkably  like  that  of  Cynodictis.  There  also  occur  the  following  specific  names, 
vis.,  A.  agnotus,  Pom.  (Agnotheidum  antiquum,  Kaup,  in  parte)  \ A.  communis , Myr. ; A. 
crucians , and  A.  cultridens,  Laur.  It  is  stated5  that  Canis  ursinus,  and  C.  haydeni , 
Cope,6  may  possibly  belong  to  Amphicyon.  The  so-called  A.  diaphorus  (Kaup)  is  the 
same  as  Metarctos. 

Species  : Amphicyon  palaeindicus,  nobis. 

History. — -In  the  first  volume  of  this  work7  an  upper  true  molar  and  a part  of 
the  mandible  with  mm.  4 and  mTI  of  a canoid  animal  were  described  and  figured 
under  the  above  name  ; some  doubt  being  entertained  whether  the  two  belonged  to 
the  same  species.  As  the  figures  were  drawn  by  an  incompetent  native  artist  it  has 
been  thought  better  to  reproduce  them  ; their  description  being  at  the  same  time 
more  fully  given. 

Upper  true  molar. — The  above-mentioned  upper  true  molar  is  represented  of  the 
natural  size  from  the  grinding  surface  in  figure  8 of  plate  XXXII.  It  was  obtained 
from  the  Siwaliks  of  Kushalghar,  on  the  Indus,  some  twenty  miles  below  Attock,  by 
Messrs.  Garnett  and  Trotter,  who  presented  it  to  the  late  Dr.  Oldham.  By  him  it 
was  submitted  to  Dr.  Falconer,  who  made  a manuscript  note  upon  it,  subsequently 

1 Blainville,  “ Osteographie,”  G-en.  Subursus,  pis.  XIV.-V.  Gaudry,  “ Les  Enchainements,  etc.,”  fig.  277.  Pomel 
(“Cat.  Meth.  Vert.  Eoss.,”  p.  72)  divided  Blainville’s  A.  major,  from  Sansan,  into  the’ two  species  A.  laurillardi  and  A. 
crassidens  : as,  however,  he  did  not  give  figures  or  clear  definitions  it  is  better,  with  Prof.  Peters,  to  retain  all  the  specimens 
figured  by  Blainville,  under  the  name  of  A.  major,  which  has  the  priority  over  Pomel’ s names  : the  Sansan  specimens 
indicate,  however,  a large  and  a small  race.  The  lower  jaw  from  Monte-Bamboli  figured  by  Meneghini  under  the  name 
of  A.  laurillardi  (‘  Atti.  Soc.  Ital.  Sci.  Nat.,’  vol.  IV.,  pi.  IIa  ) has  been  referred  by  Gervais  (‘  Zool.  et  Pal.  Generates, ’ ser.  2, 
1875,  p.  22)  to  a hew  species  of  Eycenarctos  ; a fact  with  which  the  present  writer  was  unacquainted,  when  describing  that 
genus.  Pomel  referred  Pseudocyon  sansaniensis,  Lart.,  to  his  A.  laurillardi ; a reference  which  is  provisionally  followed  here. 

2 Leidy,  “Extinct  Mammalian  Fauna  of  Dakota  and  Nebraska,”  p.  32,  pi.  1. 

3 Blainville,  “Osteographie,”  Gen.  Viverra,  pi.  XIII.—  Gervais,  “ Zoologie  et  Paleontologie  Francises,”  pi.  XXXVII., 
fig.  13. 

i Leidy,  op.  cit.,  pis.  I.  and  V.  5 ‘Bui.  U.  S.  Geol.  Surv.,’  vol.  VI.,  p.  178. 

6 < Rep.  U.  S.  Geog.  Surv.  W.  of  100th  Meridian,  vol.  IV.,  pt.  2,  p.  304,  pi.  LXIX.  7 P.  84,  pi.  VII.,  figs.  5,  8,  12. 
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published  in  the  “ Palaeontological  Memoirs,”1  to  the  following  effect : — “ Amphicyon. 
— The  specimen  is  the  tubercular  tooth  of  a large  carnivorous  animal,  as  large  as  the 

polar  bear  and  allied  to  the  Ampliicyon ” When  the  specimen  came  into 

the  present  writer’s  hands  in  1875  it  had  a label  attached  bearing  the  name  Amphicyon 
palceindicus , in  Dr..  Falconer’s  handwriting.  The  tooth  belongs  to  the  right  side  of 
the  skull  of  a canoid  animal ; and  from  the  small  size  of  the  second  outer  cusp  it  is 
probably  the  second  true  molar.  The  grinding  surface  of  the  crown  carries  on  its 
outer  side  ( top  of  figure)  two  conical  cusps,  of  which  the  foremost  ( right  of  figure) 
is  about  twice  the  size  of  the  hinder  : there  is  a distinct  cingulum  at  the  base  of 
these  cusps,  which  in  its  regular  form  and  distinctness  agrees  with  Amphicyon.  On 
the  inner  side  of  the  tooth  there  is  a very  large  and  broad  cingulum,  embracing  the 
whole  of  the  inner  half  of  the  crown ; also  agreeing  with  the  tooth  of  Amphicyon. 
Within  this  cingulum  there  is  a smaller  crescent,  culminating  in  one  large  median 
cusp ; the  presence  of  which  distinguishes  the  tooth  from  m.  1 of  Cards , in  which 
there  are  two  inner  cusps.  The  surface  separating  the  inner  cusp  from  the  outer 
cusps  is  nearly  flat,  and  not  bounded  by  ridges  antero-posteriorly.  The  proportionate 
excess  of  the  transverse  over  the  antero-posterior  diameter  is  greater  than  in  Canis, 
and  similar  to  that  prevailing  in  typical  species  of  Amphicyon.  In  the  following 
table  the  dimensions  of  the  specimen  are  compared  with  the  corresponding  dimensions 


of  m.  2 of  A.  major , vis. : — 

A.  palasindicus.  A.  major. 

Greatest  antero-posterior  diameter 0-76  0-87 

„ transverse  ,,  1*12  l-3 

Height  of  antero-external  cusp . 0-4  0-52 


Although  it  is  impossible  to  determine  the  number  of  molar  teeth  in  the  animal 
to  which  the  specimen  belonged,  yet  the  resemblance  of  the  tooth  to  the  molars  of 
Amphicyon  is  so  strong  that  there  is  every  probability  that  it  belonged  to  that  genus. 
The  size  of  the  tooth  indicates  an  animal  far  larger  than  the  wolf,  showing  that  the 
only  species  in  the  foregoing  list  with  which  it  can  be  compared  in  this  respect,  are 
A.  giganteus , A.  major , and  A.  intermedins .2  From  the  first  (assuming  that  species  to  be 
distinct  from  A . major)  the  specimen  is  sufficiently  distinguished  by  its  much  smaller 
size.  From  the  second3  it  is  distinguished  by  the  transverse  being  proportionately 
greater  than  the  antero-posterior  diameter,  and  by  the  inner  cingulum  being  broader 
and  flatter,  and  the  inner  crescent  much  less  distinctly  marked  : this  part  in  the 
European  species  not  being  differentiated  into  any  distinct  cusp  : the  surface  between 
the  inner  crescent  and  the  outer  cusps  in  the  latter  is  distinctly  hollowed,  and 
bounded  antero-posteriorly  by  the  crescent.  The  writer  has  not  had  an  opportunity 
of  comparing  the  upper  molars  of  A.  intermedins  with  the  Indian  tooth,  but  as  it  will 
be  shown  that  the  lower  carnassial  of  that  species  is  distinct  from  the  corresponding 
tooth  provisionally  referred  to  the  present  species,  it  may  be  inferred,  if  this 
reference  be  correct,  that  the  upper  molars  of  the  two  forms  would  be  distinct.  In 

i Vol.  I.,  p.  416.  2 Unless  A.,  curtum  be  a larg'e  species. 

3 The  larger  specimens  figured  by  Blainville  are  taken  as  the  type. 
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tlie  small  European  A.  dominans 1 the  form  of  the  inner  crescent  is  nearly  intermediate 
between  the  present  specimen  and  A.  major. 

Lower  carnassial. — In  figures  5,  5a,  of  plate  XXXII.  there  is  represented  the 
above-mentioned  fragment  of  the  mandible,  containing  the  last  milk-molar  (mm.  4) 
and  the  permanent  carnassial  (m.  1),  which  was  obtained  by  Mr.  H.  B.  Medlicott 
from  the  Siwaliks  of  Nurpur.  The  specimen  belongs  to  the  right  side,  and  the 
permanent  carnassial  is  untouched  by  wear,  and  could  only  have  been  slightly 
protruded  above  the  level  of  the  gum  at  the  death  of  the  animal.  The  deciduous 
and  permanent  carnassials  are,  except  in  the  matter  of  size,  perfect  replicas  of  one 
another,  and  it  will  therefore  suffice  to  describe  the  larger  tooth. 

The  proper  ‘ blade  ’ of  this  tooth  consists  of  the  two  normal  outer  lobes  ( a , b), 
resembling  the  corresponding  parts  of  the  tooth  of  Cams  and  Amphicyon : the  inner 
cusp  of  the  blade  (x)  is  relatively  small  and  placed  considerably  behind  the  second 
lobe  of  the  blade  (&),  causing  the  * cusp-line  ’ to  be  extremely  oblique.  In  these 
respects  the  tooth  agrees  with  the  megalocreodont  species  of  Canis  ( fig . 8,  A J,  p.  241), 
and  differs  from  the  typical  species  of  Amphicyon , in  which  the  inner  cusp  is 
relatively  larger,  and  placed  more  nearly  opposite  the  centre  of  the  second  main 
lobe  of  the  blade.2  In  the  hinder,  or  talon,  portion  of  the  tooth  the  specimen 
differs  both  from  Canis  and  typical  species  of  Amphicyon.  The  outer  cusp  of  this 
portion  (c)  in  place  of  being  equal  in  size  to,  or  rather  larger  than  the  inner,  and 
with  it  enclosing  a distinct  hollow,  is  very  much  larger,  being  rather  higher  than  the 
first  lobe  of  the  blade  (a).  The  edge  of  this  cusp  is  trenchant  antero-posteriorly, 
and  forms  in  point  of  fact  a distinct  third  lobe  to  the  blade,  making  the  cutting 
power  of  the  tooth  much  greater  than  in  Canis  and  typical  species  of  Amphicyon. 
The  inner  cusp  of  the  talon  [right  side  of  c,  fig.  5)  is  small  but  distinct.  In  the 
following  table  the  dimensions  of  the  specimen  are  compared  with  those  of  the 
large  race  of  A.  major , viz.: 

Specimen.  A.  major. 

Length  of  mm.  4 0’74 

„ „ m.  1 1-32  ..  1-2 

Width  ,,  ,,  posteriorly  . . . . 0-6  ».  0'5 

Height  of  second  lobe  of  blade  of  ditto . 0-89  . . 0'7 

Depth  of  jaw  at  ditto  . . , , . . . 1'57  ..  1‘93 

These  dimensions  show  that  the  tooth  is  larger  than  the  lower  carnassial  of 
A.  major , and  since  it  has  been  shown  that  the  upper  molar  of  A.  palceindicus  is 
smaller  than  the  corresponding  tooth  of  that  species,  it  may  be  inferred,  if  the 
present  specimen  belong  to  the  same  species,  that  the  latter  had  a more  megalocreodont 
character  than  the  European  species. 

In  A.  intermedins , according  to  the  specimens  figured  by  the  late  Prof.  Peters,3 
the  characters,  of  the  talon  of  m-.'  1 are  precisely  similar  to  those  of  the  same  tooth 
in  the  Nurpur  specimen.  In  the  European  species,  however,  m.  1 is  considerably 

1 Compared  with  specimens  in.  the  Indian  Museum  from  Weissenau,  so  named  by  Prof.  Klip  stein. 

2 See  Filhol,  “ Notes  sur  Mam.  Foss.,  etc.,”  pi.  I.,  fig-.  2,  and  “Phosphorites  du  Quercy,”  figs.  22,  25,  41,  43. 

3 Op.  cit.,  pi.  III.,  figs.  1-3. 
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wider : and  tlie  hind  outer  lobe  of  the  blade,  and  the  outer  cusp  of  the  talon,  form 
more  regular  cones ; while  the  inner  lobe  of  the  blade  is  larger ; and  the  depth  of 
the  jaw  proportionately  greater.  There  is,  therefore,  no  doubt  that  the  two  forms 
are  specifically  distinct,  although  closely  allied.  Both  species  evidently  indicate,  a 
transition  from  typical  forms  of  Amphicyon  in  the  direction  of  Icticyon  and  Temnocyon ; 
in  the  second  of  which  the  inner  cusp  of  the  talon  has  disappeared,  while  the  former 
has  lost  the  inner  cusp  of  the  blade,  though  the  outer  cusp  of  the  talon  is  not  so  large 
as  in  the  present  specimen.  According  to  Prof.  Peters  the  smaller  race  of  A.  major 
approaches  much  nearer  to  A.  intermedius  than  does  the  larger  race,  so  that  there  are 
some  indications  of  a transition  between  the  two.  The  so-called  Canis  ursinus,  Cope, 
which  may  belong  to  the  present  genus,  is  distinguished  by  its  greater  depth  of  jaw 
and  shorter  m.  -1 ; but  is  too  much  damaged  for  further  comparison. 

Conclusions. — Seeing  that  the  upper  molar  described  above  agrees  very  closely 
with  the  corresponding  tooth  of  Amphicyon , and  that  the  lower  carnassial,  which  in 
respect  of  size  may  well  belong  to  the  same  species,  also  agrees  with  ml  of  a 
somewhat  aberrant  form  of  the  same  genus,  there  is  a great  probability  that  the  two 
should  be  referred  to  the  same  species.1  Adopting  this  provisional  reference,  the 
species  will  differ  from  other  species  of  Amphicyon , with  the  exception  of  A.  intermedius , 
by  its  more  megalocreodont  character,  and  the  greater  specialization  in  the  structure 
of  mil:  and  it  will  be  apparent  that  A.  palccindicus1  and  A.  intermedius  are  more 
specialized  in  the  structure  of  their  lower  carnassials  than  any  other  known 
members  of  the  genus  ; the  specialization  being  so  great  that  they  could  not  have 
been  on  the  direct  ancestral  line  either  of  Canis  or  the  hysenarctoid  bears  ; although 
it  is  possible  that  they  may  be  more  intimately  related  to  Temnocyon.3  Two 
fragmentary  lower  carnassials  precisely  similar  to  the  Nurpur  tooth  have  been 
obtained  by  Mr.  W.  T.  Blanford  from  the  lower  Siwaliks  of  Sind,  and  are  now  in 
the  Indian  Museum  (No.  D.  24). 

Second  lower  true  molar. — In  figure  4 of  plate  XXXII.  there  is  represented,  from 
the  masticating  surface,  a fragment  of  the  mandible  of  a carnivore  obtained  by  Mr. 
F.  Fedden  from  the  lower  Siwaliks  of  Sind,  and  briefly  alluded  to  in  the  “ Records”4 
under  the  name  of  A.  palccindicus.  This  specimen  belongs  to  the  right  ramus  of  the 
mandible,  and  shows  m.  2 and  the  alveolus  of  m.  3 : it  is  broken  inferiorly,  so  that 
the  depth  of  the  jaw  cannot  be  ascertained.  The  antero-external  and  the  postero- 
internal angles  of  the  one  remaining  tooth  have  been  broken  away ; but  this  tooth  is 
otherwise  perfect,  and  untouched  by  wear.  It  closely  resembles  the  corresponding 
tooth  of  Canis  and  Amphicyon , and  from  its  size  may  probably  be  referred  to  the 
latter  genus  ; and  may  very  possibly  belong  to  A.  palccindicus.  The  alveolus  of  m.  3 

1 In  the  former  notice  of  these  specimens  the  writer  considered  that  the  larger  proportionate  size  of  mTT  might  indicate 
specific  distinction  : he  was  at  the  time  unacquainted  with  the  progressive  development  in  the  relative  size  of  the  carnassials 
of  the  dogs. 

2 These  conclusions  will  he  equally  valid  if  the  lower  carnassial  should  eventually  he  proved  specifically  distinct  from  the 
upper  molar. 

3 The  writer  is  not  aware  of  the  existence  of  a figure  of  the  dentition  of  this  form.  4 Vol.  XI.,  p.  102. 


SIWALIK  AND  NARBADA  CARNIVORA. 


75—252 


indicates  tliat  this  tooth  was  elongated  antero-posteriorly  and  inserted  by  two  fangs. 
In  all  species  of  Canis,  and  apparently  in  all  other  species  of  Amphicyon , {c.g.i 
A.  major , A.  ambiguus,  A.  lemanensis),  m.  3 has  a sub-circular  crown  and  is  inserted  by 
a single  fang.  The  present  specimen  probably  indicates  affinity  with  an  older  form  in 
which  m.  3 was  fully  developed ; and  is  not  so  specialized  as  the  lower  carnassial 
described  above.  The  length  of  mT2  is  0*T9,  and  its  greatest  width  056  inch. 

Distribution. — Assuming  that  the  specimens  described  above  are  rightly  associated, 
the  range  of  the  species  extended  from  the  Kangra  district  to  Sind.  The  Sind 
specimens  come  from  the  lower  Siwaliks,  and  from  the  presence  of  low  beds  (Nahan 
group)  in  the  neighbourhood  of  Nurpur,  it  is  not  impossible  that  the  specimen  from 
that  district  may  have  been  derived  from  that  horizon.  The  Kushalghar  specimen 
came  from  beds  which  have  yielded  Dinotherium , and  may,  therefore,  equally  well  be 
low  in  the  series.  It  is  noteworthy  that  the  European  species  which  comes  nearest 
to  the  Indian  form  occurs  in  Bohemia  and  Styria,  on  the  eastern  side  of  Europe. 

Genus  II. : CANIS,  Linn. 

Including  Vulpes , Lupus , Urocyon , etc. 

, Distribution. — The  dentition  of  the  genus  has  already  been  sufficiently  alluded 
to  in  earlier  paragraphs  ; and  it  has  been  noticed  that  forms  like  Ly corns  should  not 
improbably  be  included  within  it ; it  may  be  further  observed  that  in  many  instances 
it  would  be  impossible  to  determine  whether  fossil  remains  of  dogs  belonged  to  Canis 
or  to  Cyon.  With  regard  to  the  number  of  species,  the  uncertainty  as  to  the 
validity  of  specific  characters,  and  the  host  of  forms  that  have  received  distinct 
specific  appellations  renders  it  almost  impossible  to  give  anything  like  a correct  list 
of  the  existing,  let  alone  of  the  fossil,  forms.  As  to  the  date  of  the  earliest  appearance 
of  the  genus  there  is  still  considerable  uncertainty.  From  the  upper  eocene  of  Paris 
an  incomplete  mandible  of  a canoid  animal,  with  but  a single  tooth  remaining,,  has 
been  described  under  the  name  of  Canis  parisiensisj  Laur. ; it  is,  however,  extremely 
doubtful  whether  this  determination  is  generically  correct.  From  the  phosphorites 
of  Quercy  another  mandible  has  been  referred  to  the  same  genus  under  the  name  of 
C.  yalceolycos,  Gerv.2;  but  is  stated  tO'  present  strong  affinity  to  Ampliicyon.  Two 
other  species  have  also  been  described  from  the  same  deposits  under  the  names  of 
C.  fdholij  and  C.  cadurcensis .4  The  former  is  characterized  by  the  very  large  size  of 
the  inner  cusp  of  the  blade  of  mTT,  from  which  M.  Filhol  considers  it  extremely 
improbable  that  the  species  is  a true  Canis.  The  latter,  though  more  like  Canis , is 
considered  by  the  same  writer  to  be  nearer  Cynodictis : before,  however,  this  can  be 
certainly  determined,  it  is  necessary  that  the  upper  dentition  should  be  known. 
These  observations  indicate  that  whether  the  four  above-mentioned  species  should  be 
referred  to  Canis , or  to  other  genera,  it  is  quite  clear  that  they  differ  very  considerably 

1 Gervais,  “ Zoologie  et  Paleontologie  Franchises,”  2nd  ed.,  p.  213. 

2 Filhol,  “ Phosphorites  du  Quercy,”  p.  53.  3 IUd.,  p.  539,  figs.  123-4.  4 Ibid.,  loc.  cit.,  figs.  44-5. 
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from  the  modem  representatives  of  the  genus;  indicating  that  typical  dogs  did 
not  exist  in  Europe  in  the  period  of  the  upper  eocene.  From  the  lower  and  middle 
miocene  of  Europe  there  are  apparently  no  described  species  of  true  Cams,1  but  the 
so-called  Galecynus  of  the  upper  miocene,  or  lower  pliocene,  of  (Eningen  is  considered 
by  Prof.  Huxley2  to  be  not  improbably  generically  identical  with  Canis3  In  N. 
America,  according  to  Prof.  Cope,4  the  dogs  “of  the  lower  miocene  and  middle 
miocene  epochs  belong  to  genera  allied  to,  but  distinct  from,  Canis,  while  those  of 
the  upper  miocene  (Loup  Fork)  and  later  horizons,  pertain  to  the  latter  genus  with 
few  exceptions.”5  From  the  eocene  of  Wyoming  Prof.  Marsh6  has,  however, 
described  a species  of  dog  under  the  name  of  Cams  montanus 7 ; but  since  the  species  is 
described  solely  on  the  evidence  of  an  upper  premolar  and  a canine,  it  is  impossible 
to  say  whether  the  generic  determination  is  correct.  From  the  upper  pliocene  of 
France  there  is  the  Canis  borbonicus,  Brav.,8  considered  by  Prof.  Huxley9  to  be 
closely  allied  to  the  meionocreodont  C.  cancrivorus  of  South  America.  From  the 
pliocene  of  the  Val.  d’Arno,  Italy,  two, species  have  been  described  by  Prof.  Forsyth- 
Major10  under  the  names  of  C.  eiruscus  and  C . falconeri : while  in  the  pleistocene  there 
are  numerous  species,  and  races,  which  need  no  further  allusion. 

It  thus  appears  that  undoubted  species  of  Canis  are  not  known  to  have  existed 
in  Europe  before  the  upper  miocene  or  lower  pliocene,  and  in  N.  America  before  the 
upper  miocene  period : and  it  may  be  added  that  the  genus  probably  attained  its 
maximum  in  the  pleistocene  and  recent  periods. 

Species  1 : Canis  cuevipalatus,  Bose. 

History. — In  the  year  1836  Messrs.  Baker  and  Durand  briefly  described  and 
figured11  the  skull  and  associated  mandible  of  a small  canoid  animal  to  which  they 
did  not  assign  any  specific  name,  although  it  was  provisionally  alluded  to  as  Canis 
vulpes  (?).  Their  description  has  been  quoted  in  the  “ Palaeontological  Memoirs,”12 
The  two  specimens  subsequently  came  into  the  possession  of  the  British  Museum, 
and  in  1880  were  redescribed  somewhat  more  fully  by  Mr.  P.  N.  Bose,13  who  assigned 
them  to  a new  species,  under  the  name  of  Canis  curvipalatus.  As  the  original  figures 
are  small  and  unsatisfactory,  and  the  specimens  are  not  figured  by  Mr.  Bose,  they 
have  been  refigured  in  the  present  memoir,  and  will  now  be  described. 

1 The  so-called  Canis  lemanensis,  C.  leptorhynchus,  0.  crassidens,  etc.,  belong  to  Amphicyon. 

2 ‘Pro.  Zool.  Soc.,’  1880,  p.  280. 

3 The  genus  Galecynus,  as  mentioned  above,  is  employed  by  Prof.  Cope  in  a wider  sense,  embracing  Cynodictis. 

4 ‘ Bui.  U.  S.  Geol.  Surv.,’  vol.  VI.,  pp.  177-8. 

6  For  a list  of  American  fossil  Canidce  see  Cope,  “ Eep.  U.  S.  Geog.  Surv.  W.  of  100th  Meridian,”  vol.  IV.,  pt.  2,  p.  301. 

6 • American  Journal  of  Science,’  3rd  ser.,  vol.  II.,  p.  123. 

7 The  name  montanus  should  be  changed,  as  it  has  long  since  been  applied  to  the  Himalayan  Fox  (Canis  ( Vulpes)  montanus , 
Pearson). 

8 Gerv.,  “ Zoologie  et  Paleontologie  Francises,”  pi.  XXVTI.,  fig.  7.  9 Op.  eit. 

10  ‘ Atti.  Soc.  Tosc.  Sci.  Nat.,’  vol.  III.,  p.  208,  pis.  Xin.-IV. 

11  * Joum.  As.  Soc.  Beng.,’  vol.  V.,  pi.  XXVII.,  figs.  9-12.  12  Vol.  I.,  p.  341. 

13  ‘ Quart.  Journ.  Geol.  Soc,,’  vol.  XXXVI.,  pp.  134-6.  This  paper  was  read  in  December,  1879. 


SIWALIK  AND  NARBADA  CARNIVORA. 


77—251 


Cranium. — The  above-mentioned  cranium,  represented  of  the  natural  size  in 
figures  1,  la,  of  plate  XXXII.,  is  deficient  only  in  the  zygomatic  arches,  and  in  the 
extremity  of  the  muzzle.  Mr.  Bose  observes  that  it  has  “ suffered  from  a crush,  and 
has, 'in  consequence,  been  somewhat  flattened  anteriorly;  but  no  distortion,  at  least 
to  any  considerable  extent,  has  taken  place.”  The  same  writer  also  observes  that 
Messrs.  Baker  and  Durand,  after  comparing  it  with  a skull  of  Cam's  bengalensis 
(Bengal  fox),  “ found  that  the  fossil,  while  agreeing  generally  with  the  latter,  differed 
from  it  in  the  greater  breadth  of  the  brain-case,  the  height  and  thickness  of  the 
lambdoidal  crest  at  the  summit  of  the  supra-occipital,  the  greater  concavity  and  size 
of  the  post-orbital  processes  of  the  frontal,  and  the  closer  approximation  of  the  false- 
molars  in  the  upper  jaw  ; but  they  did  not  notice  the  following  important  peculiarities 
of  the  fossil,  nor  did  they  give  it  any  specific  name  : — ■ 

“ In  all  Caniclce , and  more  or  less  in  all  other  Carnivora,  the  basifacial  axis  is 
parallel  to  the  basicranial  axis  ; but  in  the  fossil  now  under  examination  the  palate 
makes  an  angle,  though  a very  open  one,  t with  the  base  of  the  cranium,  somewhat  as 
in  the  rabbit.  The  specific  name  is  derived  from  this  the  most  characteristic  feature 
of  the  fossil. 

“ The  internal  tubercle  of  the  sectorial  is  stouter  than  in  the  [Bengal]  fox. 
u The  upper  tuberculars,  especially  the  liindermost  one,  are  proportionately  larger. 
u Messrs.  Baker  and  Durand  noticed  a peculiarity  about  the  frontal  ridges,  that 
these,  starting  from  the  rear  of  the  post-orbital  apophyses,  “ converge  towards  the 
occiput  in  a'  curvilinear  direction,  until  the  distance  between  them  is  reduced  to  about 
half  an  inch,  after  which  they  run  nearly  parallel  for  some  distance,  and  then 
converge  again,  till  they  unite  near  the  occiput,  and  become  blended  with  the  parietal 
crest.  I find  this  peculiarity,  which  is  absent  in  the  European  fox,  well  marked  in 
both  the  specimens  of  the  Bengal  fox  ( Cams  bengalensis)  I have  had  for  comparison, 
as  well  as  in  the  Fennecs  \_C.  zerda,  C.  caama ].” 

As  the  skull  of  Canis  ( Vidpes)  bengalensis  agrees  very  nearly  in  general  size  with 
the  fossil  skull  it  will  be  convenient  to  institute  a somewhat  closer  comparison 
between  the  two.  It  may  be  premised  that'  the  living  species  is  a microdont  and 
meionocreodont  form,  having  the  carnassial  teeth  rather  larger  than  certain  North 
American  alopecoids,  such  as  Canis  littoralis  {woodcut  fig.  9,  B,  p.  256),  considered  by 
Prof.  Huxley1  as  the  nearest  living  allies  of  Otocyon ; and  connecting  that  group, 
through  the  small  S.  African  alopecoids  C.  zerda  and  G.  caama , with  the  larger 
megalocreodont  foxes  of  the  Old  World,  such  as  C.  vulpes.  It  will  be  seen  from  the 
woodcut  cited  that  the  last  true  molar  in  these  meionocreodont  alopecoids  is 
relatively  much  larger  than  in  the  megalocreodont  forms ; indicative  in  all  probability 
of  their  affinity  with'  Otocyon , in  which  all  the  three  true  molars  are  present ; the 
second  of  the  series  being  relatively  large. 

1 Op.  eit.,  p.  267. 

S 
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That  the  fossil  skull  belonged  to  a fully  adult  individual  is  indicated  by  the  fact 
that  the  true  molars  have  been  considerably  worn  down.  Curiously  enough  the 
hinder  cheek-teeth  are  slightly  unequal  in  size  on  the  two  sides  of  the  skull : in  the 
following  table,  in  which  the  dimensions  of  the  specimen  are  compared  with  those 
of  an  adult  skull  of  Canis  bengalensis  in  the  author’s  collection,  the  teeth  of  the  left 
side  are  measured.  The  respective  dimensions  of  the  two  skulls  are  as  follows,  viz.  : 


Length  from  hinder  border  of  basisphenoid  to  hinder  border  of  canine 

Width  of  palate  at  m.  1 . 

,,  ,,  „ ,,  pm.  1 

Interval  between  carnassial  and  canine 

Zygomatic  width  at  post-orbital  process  . . . . . 

Width  across  post-orbital  processes 

„ of  brain-case  

Length  of  pm.  2 


,,  ,,  2 


C.  cnrvipalatus.  0.  bengalensis. 
3-44  ..  3-68 

1- 23  ..  1-3 

0-66  ..  0-6 

0- 7  ..  0-86 

2- 121  ..  2-2 

1- i3  ..  i-i 

1-67  ..  1-62 

0-22  ..  0-26 

0-24  ..  0-31 

0-35  ..  0-43 

0-36  ..  0-37 

0-27  ..  0-25 


On  the  right  side  the  length  of  pm.  4 is  0-38  and  that  of  raTT  0*33. 

It  will  be  seen  from  these  dimensions  that  the  fossil  differs  from  the  recent  skull 
in  having  the  anterior  part  of  the  palate  proportionately  shorter  and  wider.  In  this 
respect  it  agrees  more  nearly  with  the  Californian  Canis  littoralis  ( of  which  the  upper 
dentition  is  represented  on  the  next  page),  and  Otocyon ? In  Canis  bengalensis  the 
proportionate  length  of  pm.  4 to  m.  1 is  as  1 to  1T6  in  the  specimen  of  which  the 
measurements  are  given  here,  and  as  1 to  1T8  in  the  specimen  measured  by  Prof. 
Huxley.  In  the  fossil  skull  on  the  left  side  pm.  4 is  shorter  than  m.  1,  and  on  the 
right  side  the  proportion  is  1 to  1 T 1 . This  gives  the  remarkable  fact  that  while  on  the 
right  side  the  proportionate  length  of  these  teeth  is  very  nearly  the  same  in  the  two 
forms  ; yet  on  the  opposite  side  the  proportion  is  about  the  same  as  in  Otocyon , in  which 
alone  among  all  existing  Canince  pm.  4 is  shorter  than  m.  1.  The  structure  of  the 
former  tooth  is,  however,  that  of  Canis  ; although,  as  Mr.  Bose  mentions,  the  inner 
tubercle  is  relatively  larger  than  in  C.  bengalensis  ; a feature  indicative  of  generalized 
affinities.  There  is  no  trace  in  the  fossil  of  the  minute  anterior  talon  to  the  blade 
of  pm.  4 existing  in  the  living  species. 

Coming  to  the  true  molars,  it  will  be  seen  from  the  table  of  measurements  that 
while  m.  1 is  slightly  smaller  in  the  fossil  than  in  the  recent  form,  m.  2 is  considerably 
larger.  From  a comparison  of  the  figures  of  the  fossil  and  the  upper  dentition  of 
C.  littoralis  in  the  woodcut  on  the  next  page  (fig.  9),  which  is  so  close  to  that  of 
C.  bengalensis  that  it  will  answer  the  same  purpose,3  it  will  be  noticed  that  while  in 
the  latter  the  lines  forming  the  outer  borders  of  the  carnassial  on  the  one  hand,  and 

1 Obtained  by  taking-  twice  the  length  of  the  left  side. 

2 Huxley,  op.  at.,  fig.  11,  p.  257. 

3 It  should  be  remembered  that  the  teeth  of  0.  littoralis  are  drawn  £ larger  than  the  natural  size ; and  that  they  are 
viewed  from  the  opposite  direction  to  that  from  which  the  other  figures  are  taken. 
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of  the  two  true  molars  on  the  other,  form  a very  marked  angle  with  one  another, 

and  are  consequently  both 
oblique  to  the  median  line 
of  the  palate ; in  the  fossil, 
although  pm.  4 , is  still  set 
obliquely  to  the  same  line, 
the  outer  border  of  the  two 
true  molars  of  the  left  side 
runs  almost  exactly  parallel 
to  the  median  line  of  the 
palate,  causing  the  angle 
between  the  two  lines  to  be 
considerably  more  open.1  In 
all  other  existing  members 
of  the  Ganince , with  the 
exception  of  Otocyoh , the 
position  of  these  teeth  is  the 
same  as  in  C.  littoralis.  In  Otocyon ,2  however,  the  outer  border  of  the  true  molars 
runs  parallel  to  the  median  palatine  axis,  while  pm.  4 is  also  set  parallel  to  the  same 
line,  though  somewhat  internally  to  the  outer  line  of  the  molars.  It  thus  appears 
that  in  the  characters  of  the  hinder  cheek-teeth  the  fossil  skull  presents  certain 
characters  intermediate  between  the  smaller  alopecoids  and  Otocyon , although  in  the 
proportionate  size  of  these  teeth  to  the  skull  it  is  considerably  nearer  the  former. 
On  the  right  side  of  the  specimen  the  alopecoid  characters  are  more  clearly  marked. 

In  regard  to  the  earlier  premolars,  the  table  of  measurements  will  show  that 
these  are  much  smaller  in’  the  fossil  than  in  C.  bengalensis , and  (as  may  be  seen  by 
comparing  the  figure  of  the  former  with  that  of  C.  littoralis)  are  placed  closer  together ; — 
so  close  in  fact  that  pm.  2 and  pm,  3 overlap.  In  all  other  species  of  Ganis  the  earlier 
premolars  are  elongated  and  separated  by  distinct  intervals ; but  in  Otocyon  in  size 
and  position  they  are  very  similar  to  the  fossil,  although  there  is  no  overlap,  and  the 
antero-posterior  shortening  is  still  more  pronounced.  The  skull  itself  in  its  short 
and  wide  form  is  nearer  to  Ganis  littoralis  and  Otocyon  than  to  G.  bengalensis.  On  its 
superior  surface  it  agrees  with  those  forms  and  the  other  small  alopecoids  by  the 
enclosure  of  a lyrate  ‘ sagittal  area  ’3  by  the  temporal  ridges.  Posteriorly  these 
ridges  unite  to  form  a small  sagittal  crest,  as  in  G.  bengalensis , and  G.  corsac ; but  the 
middle  part  of  the  sagittal  area  is  wider  and  more  lyrate,  and  it  edges  more  cord- 
like than  in  those  species4 : being  in  fact  in  this  respect  intermediate  between  those 

1 These  characters  are  not  quite  so  strongly  marked  on  the  right  side.  2 See  Huxley,  op.  cit.,  fig.  13,  p.  260. 

3 In  the  weaker- jawed  alopecoids,  the  temporal  ridges,  which  are  separate  in  all  young  Canince,  never  unite  throughout 
their  length  to  form  a sagittal  crest ; and  the  area  enclosed  by  them  is  termed  hy  Prof.  Huxley  the  sagittal  area. 

4 The  excellent  figures  of  the  skulls  of  these  forms  given  hy  Prof.  Huxley  may  be  compared  with  the  figure  of  the  fossil. 


Fig.  9.  The  cheek-teeth  of  Cards  aryenlatus  (A,  A'),  and  C.  littoralis 
(B,  IP).  The  former  x ; the  latter  § . The  former  is  a megalocreodont, 
and  the  latter  a meionocreodont  alopecoid.— Kecent,  1ST.  America. 
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species  and  C .' littoralis  and  Otocyon.  Tlie  orbit  is  much  smaller  than  in  any  living 
alopecoid,  and  thereby  agrees  with  that  of  the  last-named  genus.  Posteriorly  the 
post-orbital  processes  of  the  frontal  and  the  zygoma  are  considerably  more  developed 
than  in  G.  bengalensis , and  have  apparently  about  the  same  degree  of  development  as 
in  C.  littoralis , which  in  this  respect  is  intermediate  between  the  former  and  Otocyon. 
On  the  palatal  aspect  the  posterior  free  border  of  the  palatines  is  placed  at  a 
considerable  distance  behind  the  last  true  molar  ; whereas  in  all  other  alopecoids  and 
typical  Ganince,  this  border  is  placed  in  advance  of  the  last  molar.  In  Otocyon , on 
the  other  hand,  the  free  border  of  the  palatines  is  produced  still  further  back  than  in 
the  fossil : and  in  this  respect,  therefore,  the  latter  is  intermediate  between  the 
alopecoids  and  that  genus.  The  fossil  is  not  sufficiently  perfect  to  admit  of  any 
closer  comparisons. 

Manclible. — The  mandible  associated  with  the  skull  described  above  is  represented 
from  the  dental  aspect  in  figure  7 of  plate  XXXII.  On  the  left  side  it  shows  the 
last  three  premolars,  the  two  first  true  molars,  and  the  alveolus  of  m.  1 : the  coronoid 
process  remains,  but  the  condyle  and  characteristic  angular  process  are  unfortunately 
wanting.  On  the  right  side,  in  addition  to  the  teeth  shown  on  the  left,  there  is  seen 
the  alveolus  of  pm.  1,  and  the  greater  part  of  the  canine.  In  noticing  this  specimen 
Mr.  Bose  observes  that  “ the  rami  of  the  lower  jaw  are  not  so  much  compressed  as 
in  the  living  species  of  the  Canidse.  Each  ramus,  instead  of  being  straight,  forms 
an  arc  of  a circle  between  the  angle  and  the  mandibular  symphysis.  As  in  the  upper 
jaw,  the  premolars  in  the  lower  jaw  also  are  closer  together  than  in  the  [BengalJ, 
Fox.” 

In  the  following  table  the  dimensions  of  the  specimen  are  compared  with  those 
of  the  mandible  of  Ganis  bengalensis  belonging  to  the  same  individual  as  the  skull  of 
which  the  dimensions  are  given  above  : — 


Interval  between  binder  border  of  m.  3 and  canine 
Width  across  hinder  end  of  symphysis 

„ „ m.  2 

Depth  at  m.  1 

Length  of  pm.  2 . 

„ „ „ 3 


2 


,,  ,,  alveolus  of  m.  3 

Interval  between  carnassial  and  canine 


C.  curvipalatus. 
left  side.  right  side. 


0-7 

0-96 

0-45 

0-24 

0-25 

0-28 

0-3  0-35 

0-28 

0-17 

0-94 


C.  bengalensis. 

2-0 

0-5 

0-85 

0-42 

0-27 

0-29 

0-32 

0-46 

0-3 

0-12 


These  dimensions  show  that,  as  in  the  upper  jaw,  the  premolars  occupy  a' 
relatively  smaller  space,  and  are  themselves  shorter,  in  the  fossil  than  in  the  living 
form.  They  also  show  that  while  on  the  left  side  mTT  is  considerably  shorter  in  the 
former,  on  the  right  this  difference  if  less  marked ; — in  correlation  with  the  larger 
size  of  the  right  pm.  4.  A comparison  of  the  figure  of  the  mandible  of  the  fossil 
with  that  of  G.  littoralis  (: woodcut  fig.  9),  of  which  the  teeth  are  almost  identical 


SIWALIK  AND  NARBADA  CARNIVORA. 


81—258 


with  those  of  G.  bengalensis , will  also  show  that  the  inner  cnsp  of  the  blade  of  the 
former  (best  seen  on  the  right  side  of  the  figure')  is  placed  more  anteriorly,  or  more 
nearly  opposite  the  hinder  outer  lobe  of  the  blade  ; in  consequence  of  which  the 
1 cusp-line  ’ becomes  less  oblique.  The  table  of  measurements  also  shows  that  m.  3 
is  relatively  larger  in  the  fossil  jaw.  In  all  the  above-mentioned  points  the  latter  is 
intermediate  between  the  mandibles  of  the  smaller  alopecoids  and  Otocyon , though 
on  the  whole  nearer  to  the  former. 

It  has  already  been  mentioned  that  in  the  form  of  the  rami  of  the  mandible 
Mr.  Bose  has  pointed  out  an  important  character  of  the  fossil.  In  all  the  smaller 
alopecoids  (and  apparently  in  all  other  species  of  Canis ) the  two  rami  of  the 
'mandible  have  their  alveolar  borders  nearly  rectilinear,  and  enclose  between  them  a 
V-shaped  space.  In  Otocyon / on  the  contrary,  the  rami  are  outwardly  curved,  and 
consequently  enclose  between  them  a narrow  U-shaped  space.  In  this  respect,  as 
will  be  seen  from  the  figure,  the  mandible  of  Canis  curvipalatus  agrees  precisely  with 
Otocyon : the  only  difference  in  the  form  of  the  rami  being  that  they  are  rather 
stouter  in  the  former. 

Affinities. — From  the  foregoing  comparisons  it  will  be  gathered  that  the  species 
under  consideration  agrees  with  the  true  dogs  in  the  number  of  its  dentition,  and 
thereby  differs  markedly  from  Otocyon.  In  respect  of  the  structure  of  its  teeth  it  is 
on  the  whole  nearest  to  the  lowest  alopecoids,  but  in  many  respects  it  makes  a 
marked  step  in  the  direction  of  Otocyon : and  it  is  extremely  remarkable  that  this 
resemblance  is  more  marked  on  one  side  of  the  skull  than  on  the  other,  as  if  the 
individual  were  one  in  the  process  of  transition  from  one  genus  to  the  other.  The 
form  of  the  cranium  is  also  intermediate  between  the  small  alopecoids  and  Otocyon ; 
but  there  are  certain  characters  only  found  in  the  latter.  The  form  of  the  mandible, 
as  far  as  it  is  known,  is  essentially  that  of  Otocyon , and  quite  different  from  that 
of  any  alopecoid. 

From  the  number  of  the  cheek-teeth  it  seems  right  to  refer  the  fossil  to  the 
genus  Canis  ( Vulpes ) ; but  there  is  no  doubt  that  it  tends  in  a very  marked  degree  to 
bridge  over  the  difference  between  that  genus  and  Otocyon.  The  most  probable 
interpretation  of  the  genetic  affinity  of  Canis  curvipalatus  is  that  it  is  a form  derived 
from  the  primitive  ancestral  stock  of  Otocyon , and  that  it  is  on  the  direct  ancestral 
line  of  the  existing  small  alopecoids ; its  resemblance  being  greater  to  the  North 
American  C.  littoralis , than  to  the  Indian  C.  bengalensis .2  As  already  observed,  it  is 
difficult  to  interpret  the  more  specialized  condition  of  the  hinder  cheek-teeth  of  the 
right  side  of  the  individual  fossil,  over  those  of  the  left,  otherwise  than  as  indicating 
a species  in  the  process  of  evolution  from  the  more  generalized  otocyonoid  stock 
to  that  of  the  modern  alopecoids. 

1 For  a figure  of  the  dental  aspect  of  the  mandible  of  this  genus  6ee  Filhol,  “ Mammiferes  Fossiles  de  l’Epoque  Miocene, 
etc.,’  pi.  V.,  fig.  12. 

2 It  is  unfortunate  that  it  is  impossible  to  determine  to  which  type  the  angular  process  of  the  fossil  form  belongs. 
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Distribution. — The  cranium  and  mandible  described  above  are  the  only  known 
remains  that  can  be  referred  to  the  present  species : they  were  obtained  from  the 
typical  Siwalik  Hills. 


Species  2.  Canis  cautleyi,  Bose. 

History. — In  the  memoir  already  quoted,1  Mr.  Bose  described  two  fragments  of 
the  mandible  of  a large  wolf,  in  the  Siwalik  collection  of  the  British  Museum ; one 
of  which  had  previously  been  considered  by  Dr.  Falconer  as  the  mandible  of  Lutra 
(Enhydriodon)  sivalensis.  The  more  perfect  of  the  two  specimens  was  figured  by  Mr. 
Bose.  In  describing  his  specimens  Mr.  Bose  compared  them  with  the  jaw  of  the 
living  Indian  wolf  ( C.  pallipes ),  indicating  certain  differences  between  the  two  ; and 
thought  that  future  discoveries  might  very  possibly  establish  the  specific  distinctness 
of  the  fossil,  in  which  case  he  proposed  that  it  should  be  known  as  C.  cautleyi.  As 
the  species  was  first  named  on  the  evidence  of  the  mandible,  it  is  better  to  reverse 
the  order  usually  adopted  in  this  volume,  and  commence  with  that  part. 

Type  mandible. — In  figures  6,  6a  of  plate  XXXII.  the  larger  of  the  two 
fragments  of  the  mandible  mentioned  above  has  been  figured,  from  the  external  and 
dental  aspects.  The  specimen  belongs  to  the  left  side  and  is  broken  off  anteriorly 
in  front  of  the  carnassial ; but  posteriorly  to  the  fracture  is  perfect,  with  the  exception 
of  the  summit  of  the  coronoid  process.  It  exhibits  the  carnassial  (m.  l),  of  which 
the  summit  of  the  second  lobe  of  the  blade  has  been  broken  off  : the  second  true 
molar  (m.  2.) ; and  the  alveolus  of  m73,  which  from  some  damage  appears  confluent 
with  m72.  In  the  second  specimen  in  the  British  Museum  m.  3 is  in  position,  although 
somewhat  damaged.  In  describing  the  specimens  Mr.  Bose  observes  that  they  ‘ ‘ indicate 
an  animal  of  the  size  of  the  Wolf;  and  the  form  of  the  teeth  is  exactly  as  in  that 
animal.  On  comparing  the  two  fragments  with  the  lower  jaw  of  the  living  Indian 
Wolf  [Gams  pallipes'],  from  the  osteological  collection  of  the  British  Museum,  the 
rami  are  found  to  be  higher  and  thicker,  and  the  teeth  proportionately  smaller  in  the 
fossil.”  The  dimensions  of  the  specimen  will  be  given  below. 

Dublin  specimen  of  mandible. — Among  the  Siwalik  fossils  in  the  Science  and  Art 
Museum,  Dublin,  whose  history  has  been  already  given,  there  is  an  associated  portion 
of  the  skull  and  two  fragments  of  the  mandible  of  a wolf,  portions  of  which  are 
represented  in  the  woodcut  on  the  next  page  (fig.  10).  The  figured  portion  of  the 
mandible  (A)  agrees  precisely  in  every  respect  with  the  hinder  portion  of  the 
mandible  described  above,  and  leaves  no  doubt  that  the  two  belong  to  the  same 
species.  The  figured  portion  of  the  Dublin  specimen  shows  m.  1 and  m.  2 in  a very 
perfect,  and  almost  unworn,  condition  ; it  also  shows  the  broken  fang  of  m.  3.  The 
fragment  of  the  opposite  side  shows  the  canine  and  the  earlier  premolars. 

Comparisons. — The  form  of  the  teeth  in  these  specimens  leaves  no  doubt,  as  Mr. 
Bose  remarks,  that  they  belonged  to  a true  wolf.  The  existing  wolves  of  the  Old 

1 ‘ Quart.  Journ.  Geol.  Soc.,’  vol.  XXXVI.,  p.  135. 
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World  are  usually  divided  into  four  species  ; — vis.,  Cams  lupus  of  Europe  and  parts 
of  Asia,  C.  pallipes  of  India,  and  C.  laniger  and 
C.  clianco  of  Tibet.  From  the  fact,  however, 
that  the  size  of  the  cheek-teeth  of  all  the 
specimens  of  these  forms  measured  by  him  are 
contained  within  the  limits  of  variation  of  those 
of  C.  lupus,  Prof.  Huxley1  is  inclined  to  think 
that  they  may  all  be  considered  as  local  races 
of  that  species.  The  table  of  measurements 
given  below  shows,  however,  that  the  teeth  of 
C.  pallipes  are  on  the  whole,  smaller  than  those 
of  C.  lupus.  The  skull  of  C.  pallipes  is  con- 
sidered by  the  same  writer  to  be  nearest  to  the 
jackal  type  of  skull,  but  there  is  no  essential 
difference  between  the  skulls  and  teeth  of  any 
of  the  four  species2;  and  it  will  accordingly 
suffice  to  compare  the  fossil  mandible  with  the 
skull  of  one  species ; although  in  a later 
paragraph  the  measurements  of  the  teeth  of  all  the  species  will  be  given.  The 
species  selected  for  this  comparison  is  C.  pallipes ; and  in  the  following  table  the 
dimensions  of  the  two  fossil  mandibles  are  compared  with  two  specimens  of  the 
mandible  of  the  former  species,  one  of  which  (a)  is  a specimen  in  the  writer’s 
collection,  and  the  other  (b)  a specimen  in  the  British  Museum,  of  which  the 
dimensions  are  given  by  Mr.  Bose  : — 


A.  B. 


Fig.  10.  Cam's  cautleyi,  Bose.  Part  of 
the  left  ramus  of  the  mandible  (A)  and  the 
left  side  of  the  palate  (B) : from  associated 
specimens  from  the  Siwaliks.  Dublin 
Museum.  (Nos.  i2.  and  43.) 


C.  cautleyi. 

Dublin.  Brit.  Mus 

Interval  between  canine  and  carnassial  ......  2-26 

Antero -posterior  diameter  of  canine 0-45 

Length  of  pm.  l 0-2 

„ „ „ 2 0-47 

„ „ „ 3 . 0-52 

„ „ „ 4 0-58 

„ „ 0-96  0-95 

„ „ „ 2 0-43  0-42 

„ „ „ 3 . 0-2 

Depth  at  iSTl P04  1-1 

Greatest  depth  of  angular  process 0-63 

Interval  between  summit  of  condyle  and  inferior  border  of  ditto  . 1 -33 


C.  pallipes. 


2-24 

0-46 

0-22 

0-44 


0-5 


0-54 

0-94  1-0 

0- 45  0-47 

0-22 

1- 08  1-02 

0 44 


1-2 


These  measurements  show  that  in  respect  of  the  depth  of  the  horizontal  ramus, 
and  the  proportionate  size  of  the  hinder  cheek-teeth,  the  fossil  jaws  are  within  the 
limits  of  variation  of  the  jaws  of  the  existing  species.  In  respect  of  the  form  of 
the  angular  process  there  is,  however,  a considerable  difference  between  the  figured 
British  Museum  jaw  of  the  fossil  and  that  of  the  living  species.  In  the  latter  (and 
apparently  in  all  other  existing  wolves)  the  angular  process  is  considerably  smaller 

1 Op.  cit.,  p.  278.  2 It  is  more  convenient  to  refer  to  these  different  forms  as  species. 
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in  all  its  dimensions  ; and  has  a recurved  upper  angle,  which  is  entirely  wanting  in 
the  fossil.  The  masseteric  fossa  is  also  larger  and  deeper  in  the  fossil,  and  the 
pedicle  of  the  condyle  wider  and  flatter  ; in  consequence  of  which  there  is  a smaller 
upward  bend  of  the  inferior  border  below  the  ascending  ramus  than  in  the.  recent 
species.  In  these  respects  the  pleistocene  Cyon  europceus 1 comes  nearer  to  the  fossil, 
though  the  angular  process  is  smaller  than  in  the  latter.  The  European  species  is 
broadly  distinguished  by  the  absence  of  m.  3. 

Dublin  cranium. — The  cranium  of  which  the  hinder  cheek-teeth  of  the  left  side 
are  represented  in  the  woodcut  on  the  last  page,  as  already  observed,  is  associated 
with  the  mandible,  of  which  a portion  is  represented  in  the  same  figure,  and, 
therefore,  belongs  to  Canis  cautleyi.  The  cranium  is  broken  off  anteriorly  in  front 
of  pm.  3,  and  is  not  in  a condition  to  afford  a good  figure.  It  presents  a strong 
sagittal  crest,  and  a deep  groove  along  the  mesial  fronto-nasal  line  ; the  post-orbital 
processes  of  the  frontals  are  large,  and  much  curved  downwards  towards  the 
zygomatic  arches.  Anteriorly  it  is  a good  deal  crushed  : but  the  hinder  part  of  the 
palate  is  fairly  perfect,  and  shows  pm.  3,  pm.  4,  m.  1,  and  m.  2.  The  summits  of  the 
two  former  are  broken  off,  but  the  teeth  are  otherwise  perfect,  and  scarcely  touched 
by  wear.  The  whole  skull  and  teeth  are  essentially  • wolf -like  in  form.  Their 
dimensions  are  compared  below  with  those  of  C.  pallipes ,2  viz.  : — 


C.  cautleyi. 

Width  at  post-orbital  processes  of  frontals 2-1 

Interval  between  ditto  and  summit  of  occiput 4'1 

Width  of  both  condyles  . . . 1 -46 

Interval  between  m.  1 of  opposite  sides 1"52 

,,  ,,  tubercles  of  pm.  4 of  opposite  sides 1 '63 


C.  pallipes. 

2- 24 

3- 84 
1-51 
1-32 
1-62 


Length  of  pm.  3 


Dimensions  of  m.  1 


United  lengths  of  m.  1 and  m.  2 . 

Interval  between  postglenoid  process  and  m.  2 


0-6 

0-96 

0-63X0-89 

0-33X0-49 

0-96 


0-85 

0-6X074 

0-32X0-48 

0- 92 

1- 8 


Indian  Museum  maxilla. — In  figure  3 of  plate  XXXII.  there  is  represented  the 
left  maxilla  of  a wolf,  formerly  in  the  collection  of  the  Asiatic  Society  of  Bengal, 
but  now  transferred  to  the  Indian  Museum.  It  is  alluded  to  in  the  Journal  of  the 
Society3  as  having  been  obtained  by  the  late  Col.  Colvin  from  the  Siwaliks  of 
Dadupur.  In  Messrs.  Falconer  arid  Walker’s  Catalogue  of  the  Society’s  Vertebrate 
Fossils,4  the  specimen  is  alluded  to  as  follows  : — u Canis. — Upper  maxillary,  left  side, 
comprising  a part  of  palate  and  zygomatic  portion  of  orbit,  with  4 teeth  in  situ , the 
three  posterior  of  which  are  entire,  agreeing  exactly  in  form  with  those  of  Canis 
lupus , but  a little  larger.”  In  its  present  state  pm.  3 has  been  broken  off ; and  the 


1 Bourguignat,  ‘ Ann.  Sci.  Geol.,’  vol.  VI.,  pi.  X. 

2 The  skull  of  which  the  measurements  are  given  is  the  one  in  the  writer’s  collection,  already  alluded  to. 

3 Vol.  V.,  p.  184.  No.  603. 

4 Calcutta,  1859,  p.  189.  No.  S.  852.  A portion  of  this  notice  is  copied  on  p.  343  of  vol.  I.  of  the  “ Palaeontological 
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summit  of  the  blade  of  pm.  4 considerably  damaged.  The  two  true  molars  are  ■ 
intact,  and  from  their  somewhat  worn  condition  indicate  the  fully  adult  age  of  the 
animal  to  which  they  belonged.  The  teeth  agree  almost  precisely  with  those  of  the 
Dublin  cranium the  oidy  distinction  between  the  two  being  a slight  difference  in  the 
form  of  m.  2,  which  is  probably  only  an  individual  variation.  The  specimen  exhibits 
a very  deep  depression  in  the  palate  between  pm.  4 and  m.  1 ( not  well  shown  in  the 
figure) ; which  is  more  marked  than  in  existing  wolves.  The  dimensions  of  the 
specimen  are  as  follows,  vis. : — 

Length  of  pm.  3 (?)  0-57 

,,,,,,  4 0-95 

Dimensions  of  m.  1 . . 0-61X0-82 

„ „ 2 0-32X0-49 

United  length  of  m.  1 and  m.  2 0'93 


Comparisons. — In  the  following  table  the  dimensions  of  the  hinder  cheek-teeth 
of  these  two  specimens  are  compared  with  those  of  various  individuals  of  the  existing 
species  of  Old  World  wolves,1  viz.  : — 

iiii’iifitm 


Length  of  vmj  . . . 

1-1 

1-16 

„ i,  SJ  ... 

0-6 

0-6 

0-62 

0-64 

0-64 

0-66 

0 '61 

0-63 

0-64 

0-68 

0-68 

Breadth,,  ,,  ... 

0-74 

0-66 

0-68 

0-66 

0-7 

0-77 

0-82 

0-89 

0-68 

0-78 

0-78 

Length  ,,  m.  2 

0 32 

0-32 

0-35 

0-32 

0-32 

0-37 

0-32 

0-33 

0-32 

0-37 

0-37 

Breadth,,  ,,  ... 

0-48 

0-42 

0-53 

0-42 

0-48 

0-53 

0-49 

0-49 

0-46 

0-54 

0-53 

Length  ,,  m7l 

0 94 

0-96 

10  1-05 

1-02 

1-13 

1-1 

0-95 

0-96 

1-13 

1-18 

1-18 

„ „ S72  ... 

0-45 

0-4 

0-47  0-42 

0-47 

0-48 

0-48 

0-42 

0-43 

0-44 

0-48 

0-5 

„ „ ^3  ... 

0-22 

0-22 

0-22 

0-24 

0 2 

017 

0-21 

0 22 

United  length-  of  m.l  and  5^2 

0-92 

0-92 

0-97 

0-96 

0-96 

1-03 

093 

0-96 

0-96 

1-05 

1-05 

It  will  be  seen  from  this  table  that  the  carnassials  of  C.  pallipes  are  on  the  whole 
shorter  than  those  of  C.  lupus  ; although  there  is  an  overlap  in  this  respect  between 
the  largest  of  the  former  and  the  smallest  of  the  latter.  It  will  also  be  observed  that 


in  all  the  individuals  of  the  former  mTT  is  considerably  longer  than  pm.  4 ; but  that 
the  proportionate  difference  diminishes  as  the  teeth  become  absolutely  larger.  The 
same  may  be  observed  in  the  case  of  C.  lupus , but  still  more  markedly,  so  that  in  one 
case  pm.  4 is  but  very  slightly  shorter  than  m.  1.  It  appears,  therefore,  that  in  these 
species  as  the  carnassial  teeth  increase  in  absolute  size,  the  increase  of  the  upper 
tooth  is  greater  than  that  of  the  lower.  In  all  the  individuals  of  these  two  species 
of  which  the  measurements  are  given,  the  united  length  of  m.  1 and  m.  2 is  greater 
than  that  of  pm.  4.  In  C.  chanco , however,  this  excess  is  very  slight,  and  in  C\  laniger 
the  latter  dimension  is  the  larger  of  the  two. 

In  the  Siwalik  wolf  pm.  4,  which  is  about  equal  in  size  to  the  average  of  that 

l In  this  table  O.  pallipes  1 is  the  specimen  in  the  writer’s  collection,  already  alluded  to  ; and  C.  pallipes  2 the  specimen  of 
which  the  measurements  are  given  by  Mr.  Bose : the  dimensions  of  C.  cautleyi  1 are  from  the  specimens  figured  in  plate 
XXXII.  of  this  volume : and  C.  cautleyi  2 from  the  Dublin  specimens.  The  other  measurements  are  taken  from  the  table  in 
Prof.  Huxley’s  memoir  (p.  279),  and  have  been  altered  from  millimetres  to  decimals  of  an  inch. 
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tootli  in  G.  lupus,  is  of  precisely  tlie  same  length  as  m.  1 ; the  length  of  the  latter 
being  much  smaller  than  that  of  the  same  tooth  in  any  individuals  of  the  living 
species  having  an  upper  carnassial  of  the  same  size.  The  larger  individuals  of 
C.  lupus  make  the  closest  approach  in  this  respect  to  the  fossil,  but  even  in  the 
nearest  of  those  m.  1 is  decidedly  longer  than  pm.  4.  The  fossil  also  differs  from  all 
the  living  species,  except  G.  laniger,  in  having  the  * united  length  of  m.  1 and  m.  2 
either  equal  to,  or  less  than  that  of  pm.  4.  The  first  upper  true  molar  of  the  fossil 
differs  from  the  corresponding  tooth  of  C.  lupus , in  having  the  outer  lobes,  and 
especially  the  hinder  one,  less  completely  conical;  being  distinctly  compressed 
laterally  : the  outer  cingulum  is  also  more  developed.  In  these  respects  the  tooth  of 
the  fossil  resembles  the  corresponding  tooth  of  the  jackal. 

On  the  whole,  apart  from  the  question  whether  the  living  Old  World  wolves 
should  be  referred  to  one  or  more  species,  it  appears  probable  that  the 
differences  in  the  form  of  the  angular  process  of  the  mandible,  and  the  above- 
mentioned  relations  of  the  carnassial  teeth,  indicate  the  specific  distinctness  of  the 
Siwalik  wolf  from  any  of  its  existing  Old  World  congeners.  Seeing  that  in  the 
meionocreodont  alopecoids  m.  i is  always  longer  than  pm.  4,  it  would  seem  that  in 
cases  where  these  two  teeth  are  equal  in  length  the  degree  of  specialization  is  the 
greatest,  and  it  may,  therefore,  be  concluded  that  the  Siwalik  wolf  was  probably  a 
more  specialized  animal  than  any  of  the  existing  species;  certain  individuals 
of  C.  lupus  coming  nearest  in  this  respect.  The  equality  in  the  length  of  pm. 4 and  the 
united  length  of  m.  1 and  m.  2 is  also  indicative  of  a high  degree  of  specialization  in 
the  Siwalik  wolf.  There  are  not  wanting,  as  will  be  noticed  below,  other  instances 
where  Siwalik  carnivores  are  more  specialized  than  their  existing  allies ; and  if  the 
above  conclusions  be  true  it  would  seem  doubtful  whether  the  Siwalik  wolf  can  have 
been  the  direct  ancestor  of  any  of  the  living  forms : this  is  perhaps  confirmed  by  the 
marked  discrepancy  in  the  proportions  of  its  carnassial  teeth  to  those  of  the  existing 
Indian  wolf. 

Among  the  existing  wolves,  or  thooids,  of  America,  according  to  Prof.  Huxley’s 
measurements,1  the  only  species  which  has  carnassial  teeth  at  all  approaching  in  size 
those  of  the  Siwalik  fossil  is  the  North  American  C.  occidentalis : in  that  species, 
however,  pm.  4 is  always  shorter  than  m.  1.  In  the  peculiar  S.  African  Lycaon  pm.  4 is 
considerably  shorter  than  m.  1,  and  the  corresponding  tooth  of  the  fossil.  All  species 
of  Cyan  are  distinguished  from  the  fossil  by  the  absence  of  m.  3 ; while  Lu corns  is 
distinguished  by  the  absence  of  pm.  1.  In  the  pliocene  of  Italy  there  occurs  Cams 
etruscus , Forsyth-Major  ;2  a wolf  distinguished  from  existing  species  .by  the  larger 
size  of  the  talon  of  m.  1,  and  the  greater  development  of  the  cusps  of  the  same  part : 
those  cusps  frequently  attaining  nearly  the  same  height  as  the  anterior  lobe  of  the 
blade.  The  inner  cusp  of  the  blade  is  also  larger  and  more  detached.  The  general 
form  of  the  mandible  is  nearer  that  of  the  wolf  than  that  of  the  Siwalik  fossil ; and 
m.  1 has  its  outer  lobes  of  the  conical  form  of  those  of  the  former.  Ganis  falconeri , of 

i Op.  cit.,  pp.  267,  271.  2 < Atii.  Soc.  Tosc.  Sci.  Nat.,’  vol.  III.,  p.  208,  pis.  XIII. -IV. 
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the  same  writer,1  is  readily  distinguished  by  the  form  of  pm.  4,  which  is  set  very 
obliquely,  and  remarkable  for  the  great  size  of  its  inner  tubercle. 

In  the  pleistocene  Ganis  neschernensis,  Christol2  (if  a good  species),  is  distinguished 
by  its  more  slender  mandible  ; and  C.  lupus  seems  to  be  the  only  other  wolf  equal  in 
size  to  the  Siwalik  species.  In  the  pre-historic  period  various  large  dogs  have 
received  the  names  of  C.  familiaris  spalleli , 0.  f palustris,  C.  f matris-optimce , C.  mi/cii, 
etc.,  and  seem  to  be  related  to  the  wolf,  jackal,  etc.3 

In  North  America  species  resembling  the  modern  wolves  and  dogs  are,  as  already 
said,  known  in  the  upper  miocene.  One  of  these  is  referred  by  Prof.  Cope4  to 
C.  lupus , Linn.,  but  from  the  context  it  would  seem  that  one  of  the  living  American 
wolves  is  the  one  with  which  the  fossil  is  identified  if  the  identification  be  correct 
the  persistence  of  a miocene  mammal  is  highly  remarkable.  C.  wheeler ianus?  Cope, 
G.  ursinus,5  Cope,  and  C.  hay  deni  f Leidy,  from  the  same  formation  are  distinguished 
from  the  Siwalik  wolf  by  their  much  greater  depth  of  jaw ; and  it  is  not  improbable 
that  the  two  latter  may  belong  to  Ampliicyon.  Most  of  the  other  fossil  American 
species  of  Ganis  are  smaller  than  C.  lupus ; but  a lower  jaw  from  the  pliocene  has 
been  described  by  Prof.  Leidy  under  the  name  of  G.  indianensis ,6  and  said  to  belong  to  a 
large  wolf,  which  may  be  the  same  as  C.  occidentalis.  The  angular  process  of  this 
jaw  is  quite  different  from  that  of  the  Siwalik  fossil. 

Conclusions. — From  the  foregoing  comparisons  it  appears  that  the  Siwalik  wolf 
cannot  be  certainly  identified  with  any  described  form,  although  in  many  respects  it 
was  closely  related  to  the  existing  wolves  of  the  Old  World.  Under  these  circum- 
stances the  name  of  Ganis  cautleyi  may  be  retained.  The  occurrence  of  this  fossil  in 
the  Siwaliks  is  one  of  extreme  importance  in  regard  to  the  pliocene  age  of  at  least  a 
large  portion  of  those  deposits,  for,  as  has  been  already  shown,  in  the  tertiaries  of 
Europe,  with  which  the  Siwaliks  are  in  many  respects  closely  allied,  true  wolves  are 
unknown  before  the  pliocene ; though  they  are  said  to  occur  in  the  upper 
miocene  of  N.  America.  The  total  absence  of  all  forms  of  true  Ganis  from  the 
Pikenni  deposits  is  a very  noteworthy  fact. 

Distribution. — The  specimens  described  above  are  the  only  known  remains  which 
can  be  referred  to  the  present  species  ; and  were  all  obtained  from  the  typical  Siwalik 
Hills. 

Species  3.  Canis,  non.  det. 

Maxilla. — In  figure  2 of  plate  XXXII.  there  is  represented  a fragment  of  the 
right  maxilla  of  a species  of  Ganis  from  the  typical  Siwaliks,  in  the  collection  of  the 
British  Museum.  The  specimen  shows  the  alveolus  of  pm.  3 - the  carnassial  (pm.  4), 
with  the  summits  of  the  lobes  hammered  off  ; and  m.  2,  of  which  the  inner  cingulum 

l Ibid,  pi.  XIV.,  fig.  20.’  2 Blainville,  “ Osteographie,”  Genus  Canis,  pi.  XIII. 

3 See  Bourguignat,  op.  cit.,  and  Woldrich,  * Mitth.  Anthrop.  Ges.  Wien,’  vol.  XI.,  pt.  I.,  1881. 

4 “Kep.  IT!  S.  Geog.  Survey,  W.  of  100th  Meridian,”  vol.  IV.,  p.  302.  5 Cope,  op.  cit.,  p.  301.,  et.  seq. 

6 Leidy,  “ Extinct  Vertebrate  Fauna  of  the  Western  Territories,”  p.  230,  pi.  XXXI. 
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is  wanting,  and  the  crown  almost  unworn.  In  the  following  table  the  dimensions 
of  this  specimen  are  compared  with  the  corresponding  dimensions  of  three  crania 
of  the  jackal  ( 0.  aureus)  in  the  writer’s  collection,  one  of  which  [a)  was 
obtained  from  the  Punjab,  while  the  other  two  came  from  Kashmir: — 

C.  aureus.  Siwalik  jaw.  C.  aureus. 

Length  of  pm.  3 0*39 

,,,,,,  4 ....  0-64 

,,  ,,  m.  1 . . . . 0-48 

Width  ,,,,,,  . . . . 0-58 

These  dimensions  show  that  the  size  of  the  fossil  is  practically  the  same  as  that 
of  the  middle  individual  of  C.  aureus.  The  teeth  of  the  two  agree  precisely  in  every 
detail — notably  in  the  large  size  of  the  external  cingulum ; — and  if  both  were  found 
in  the  fossil  state  would  be  unhesitatingly  referred  to  the  same  species.  The 
materials  at  hand  are  not  sufficient  to  say  positively  whether  the  Siwalik  and  living 
forms  were  specifically  the  same ; but  there  can  be  no  question  that  they  were 
extremely  closely  allied,  and  that  the  former  was  as  much  a true  jackal  as  the  latter* 

Family  III. : VIVE  REID  2E. 

Relationships. — At  the  present  time  the  family  Viverridce  embraces  a large  number 
of  seluroid  Carnivora,  exhibiting  affinities  to  at  least  two  other  families.  Thus  it  is 
related  by  Herpestes  with  Proteles,  and  so  with  Hyaena ; while  by  Genetta  it  is  more 
intimately  connected  with  Felis.  In  former  times  there  are  strong  indications  that  its 
connections  were  even  wider ; since,  as  has  been  mentioned  above,  it  is  highly 
probable  that  its  connection  through  Cynodictis  and  its  allies  with  the  true  dogs  is  so 
intimate  as  to  preclude  the  drawing  of  any  well-marked  line  between  the  dogs  and 
viverrines.  On  the  other  hand,  the  typical  forms  of  the  family  are  intimately 
connected  through  Ictitherium  with  Hyaena ; while  in  another  direction  there  seems  to 
be  a complete  passage  from  Viverra  through  certain  genera  from  Quercy  known  as 
Stenoplesictis  and  Palceoprionodon  to  Procelurus  and  Pseudaelurus,  and  so  to  'the 
modern  cats.1  For  the  present,  however,  the  family  may  be  retained  even  for 
palaeontological  purposes ; although  it  is  highly  probable  that  it  cannot  be  strictly 
defined. 

Rental  characters  of  Viverrine  sub-family. — Before  proceeding  to  the  description 
of  the  Siwalik  forms  which  can  be  referred  to  the  present  family,  it  will  facilitate 
their  description  if  it  is  first  pointed  out  how  the  existing  genera  of  the  group  to 
which  they  belong  can  be  distinguished  in  respect  of  characters  ■ observ- 
able in  the  fossil  forms.  According  to  Professor  Mivart,2  the  existing  members 
of  the  family  may  be  divided  into  five  sub-families : — viz.  Viverrince , Galidictince , 
Euplerince , Gryptoproctince , and  Herpemnce ; but  attention  need  only  be  directed  to  the 
first.  That  sub-family  is  again  divided  into  the  viverrine,  paradoxurine,  and 

1 See  Filhol,  “Memoires  sur  quelques  Mammiferes  Fossiles  des  Phosphorites  du  Quercy,”  pp.  88-90. 

2 “ Pro.  Zool.  Soc.’  ” 4882,  p.  135,  el  scq.  ' 
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cynogaline  sections  ; of  wliicli  tlie  first  alone  need  be  considered  at  any  length. 
According  to  the  same  authority  the  first  of  these  sections  comprehends  the 
following  six  genera : viz.,  Viverra,  Vivemcula , Fossa , Genetta , Prionoclon , and 
Poiana : the  two  first  are,  however,  united  by  many  writers.  The  two  last  are 
distinguished  by  the  absence  of  ; and  on  this  account  will  not  require  further 
notice,  since  that  tooth  is  present  in  the  fossils  to  be  described.  In  the  four 
remaining  genera,  the  number  of  the  cheek-teeth  is  pm.  f,  m]  f ; as  in  Cyon. 

In  the  genus  Viverra  (fig  11),  the  cheek-teeth  are  relatively  large,  and  the 
upper  carnassial  markedly  sectorial.  The 
inner  tubercle  of  the  same  is  relatively 
larger  than  in  Canis ; and  has  a minute 
rudiment  of  an  anterior  talon.  The 
earlier  premolars  are  relatively  shorter 
than  in  that  genus,  and  have  no  talons. 
The  first  true  molar  is  always  more  or 
less  triangular  in  shape,  transversely 
elongated,  and  larger  than  m.  2,  although 
there  is  considerable  variation  in  the 
relative  size  of  the  latter.  In  the  man- 
dible, while  the  premolars  are  relatively 
shorter  than  in  Canis,  the  talon  of  m.  1 is 
larger,  and  the  inner  cusp  of  the 
blade  large,  and  placed  almost  oppo- 
site the  hinder  outer  lobe,  causing  the 
cusp-line  to  be  almost  directly  transverse. 

The  dentition  of  Viverricida  (comprehending  only  V.  malaccensisj  is  so  like 
that  of  Viverra , that  for  paleontological  purposes  they  may  be  united.  Probably 
the  same  may  be  affirmed  of  Fossa1,  of  Madagascar.  The  genus  Genetta  in  addition 
to  numerous  points  which  are  inapplicable  to  the  present  enquiry,  differs  from 
Viverra  in  the  more  distinctly  triangular  form  of  the  auditory  bulla  f and  the  teeth 
of  the  latter  are,  according  .to  Professor  Mivart,3  distinguished  from  those  of  the 
former  in  that  rn.  2 is  in  general,  and  especially  in  V.  tangalunga , relatively  larger 
and  more  obtusely  triangular,  or  even  nearly  quadrangular,  and  is  more  nearly 
equal  in  size  with  the  tooth  in  front  of  it4 ; m.  1 has  a relatively  larger  internal 
portion,  while  in  both  pm.  4 and  ml  the  talon  is  larger,  that  of  m.  L (if  not  that 
of  pm.  4 also),  bearing  three  small  cusps.5  In  Genetta  pm.  3 has  usually  an  inner 

l Mivart.  op.  cit.  p.  152.  2 The  bulla  of  Viverricula  is  more  like  that  of  Genetta. 

3 1 lid  pp.  153-4.  In  the  original  of  this  passage,  as  may  he  inferred  from  the  note  at  the  conclusion  (5  infra ) 
the  words  Viverra  and  Genetta  are  apparently  transposed.  In  consequence  of  this  V.  tangalunga  is  noticed  as  an  exception, 
instead  of  as  the  most  marked  instance  : this  has  been  corrected  in  the  quotation. 

4 A skull  (associated  with  a skin)  in  the  British  Museum,  and  named  G.  tigr.im  has  m.  2 very  minute  and  triangular.  A 
specimen  in  the  College  of  Surgeons,  with  the  same  name  has,  however,  this  tooth  as  large  as  m.i.  It  is  difficult  to  think 
that  these  two  specimens  belong  to  the  same  species. 

5 Well  shown  in  Viverra  zibet  ha,  pi.  XII  of  De  Blainville’s  “ Osteographie,”  Gen.  Viverra. 
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cusp,1  wliicli  is  wanting  in  most  species  of  Viverra?  Another  important  point 
is  that  all  species  of  Genetta  are  small  sized. 

It  may  not  be  out  of  place  to  observe  that  the  teeth  of  Paradoxurus  closely 
approach  those  of  some  species  of  Viverra , but  are  in  general  distinguished  by 
the  shorter  form  of  pm.  4,  the  presence  of  an  inner  cusp  to  pm.  3,  and  the  more 
quadrangular  form  of  m.  1 ; the  skull  is  also  shorter  and  wider,  and  the  auditory 
bulla  more  pointed  anteriorly.  In  Herpestes , which  has  also  teeth  of  a similar 
type,  there  is  an  inner  cusp  to  pm.  3,  and  the  bulla  is  mesially  contracted.  In 
respect  of  the  large  development  of  the  inner  tubercle  of  pm.  4,  and  the  large 
talon  and  inner  cusp  of  m.  1,  the  teeth  of  Viverra  and  G enettco  must  probably  be 
regarded  as  being  of  a lower  type  than  those  of  Oanis ; although  the  suppression 
of  m.  3 is  an  advance  on  that  genus.  A considerable  advance  is  indicated  in  the 
fossil  genus  Ictitherium , in  which  the  minute  anterior  cusp  existing  in  pm.  4 of 
Viverra  has  developed  into  a distinct  additional  lobe  to  the  blade  ; while  in  m.  i 
the  talon  and  inner  cusp  have  considerably  diminished ; these  two  teeth  being  in  fact 
about  intermediate  between  those  of  Viverra  'and  the  less  specialized  forms  of 
Ilycena.  Ictitherium  retains,  however,  m.  2,  which  is  never  found  in  any  species  of 
Ilycena  ; although  m.  2,  in  a smaller  form,  is  present  in  some  species  of  the  latter. 
There  is  a tendency  to  the  suppression  of  m.  2 exhibited  by  the  small  size  to  which 
that  tooth  is  reduced  in  some  species  of  Ictitherium ? 

Genus  I. : VIVERRA,  Linn  A 

Number  of  species. — According  to  Professor  Mivart,4  the  existing  species  of 
Viverra  proper  are  form  in  number ; which  will  be  raised  to  five  if  Viverricula  be 
included.  The  following  list  embraces  these  species,  together  with  the  best  known 
fossil  forms,  exclusive  of  those  from  India. 

1.  Viverra  angustidens,  Filli.5  Quercy  phosphorites. 

A species  as  large  as  V.  zibetha,  but  with  a shorter  mandible,  which  is  the  only  part 
known  ; and  a small  talon  to  m.  l,  the  blade  of  the  same  being  unusually  tall. 

2.  Viverra  antiqua,6  Blain.  Up.  miocene.  Allier.  V.  primceva , Pom. 

A small  species  with  hinder  molars,  closely  resembling  V.  malaccensis ; but  with 
shorter  palate. 

3.  Viverra  civetta,7  (Schreb).  Recent.  North  and  West  Africa. 

The  largest  living  species  : m-  2 relatively  large  ; m-  1 large  internally  ; pm-  4 short. 

4.  Viverra  exilis,8  Blain.  Mid.  miocene.  Sansan. 

A minute  species,  of  which  the  generic  determination  is  very  doubtful. 

5.  Viverra  lemanensis,9  Gerv  (?).  Up.  miocene.  Allier. 

Considerably  smaller  than  V.  zibetha  ; with  shorter  palate. 

1 A specimen  of  G.  vulgaris  (B.M.  No.  993,  a)  has  no  feuch  cusp. 

2 The  writer  has  not  seen  a skull  of  V.  mcgaspila. 

3 A Siwalik  species  of  IclUherium  has  been  named ; the  specimen  on  which  it  is  founded  will,  however,  he  shown  in 
the  sequel  to  belong  to  the  Hycenidce. 

4 Op.  oil.,  p.  145.  5 “ Phosphorites  du  Quercy.”  Pigs  121-2. 

6 Gervais.  “Zool.  et  Pal.  Fran 9,”  1st  Ser.,  pi.  XXVIII,  figs.  7-8.  Pomel.  ‘ Bui.  Soc.  Geol.  Framj,’  1840,  p.  379 

7 Blainville  “ Osteographie.”  Viverra,  plate  VIII. 

s Gervais,  op.ci/.,  p.  224.  * 9 Cast  of  skull  in  College  of  Surgeons. 
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6.  Viverra  leptorhyncha,  Filli.1  Quercy  phosphorites.  Ichneugale , Jourdain. 

A small  species,  with,  small  talon  to  mTT  ; upper  dentition  unknown  except  Pm-  4. 

7.  Viverra  malaccensis,  Gmel.  Recent.  India  to  China.  V.  indica,  Geof. 

V.  pallida , Gray.  V.  rasse,  Horsf.  Viverricula , Hodgs. 

A very  small  species  : ui.  2 very  small. 

8.  Viverra  megaspila.2  Blytli.  Recent.  Malacca  to  Cochin  China. 

Twice  the  size  of  V.  tangalunga. 

9.  Viverra  minima,  Filli.3  Quercy  phosphorites. 

A very  minute  species,  with  small  talon  to  m.  1. 

10.  Viverra  sansaniensis,4  Lart.  Mid.  miocene.  Sansan. 

A small  species. 

11.  Viverra  tangalunga,5  Gray.  Recent.  Malacca,  Borneo,  etc. 

The  smallest  living  species  : m-  2 relatively  large. 

12.  ViveRra  zibetha,6  Linn.  Recent.  India,  China,  and  Penang.  V. 

bengalensis , Gray.  V.  civettina , Blytli.  V.  civettoides , V.  melanura , and 
V.  orientalis , Hodgs.  V.  undidata , Gray. 

Generally  rather  smaller  than  V civetta  : m 2 relatively  smaller,  inner  part  of  m 1 smaller 
and  pm.  4 longer. 

The  mandible  of  another  form,  is  figured  without  specific  determination,  by 
M.  Filhol,7  from  Quercy ; and  indicates  an  animal  about  the  size  of 
V.  zibetlia , but  with  a shorter  mandible,  and  smaller  talon  to  m.  1 . The  general 
shorter  form  of  the  jaws  in  so  many  of  the  fossil  species,  as  well  as  the  smaller 
size  of  the  talons  of  m.  i (a  . character  of  Genetta ),  are  remarkable  points,  as  in  the 
dogs  and  cats  these  characters  are  indications  of  high  specialization.  V.  zibethoides , 
Blai \\.=Amrpliic,yon\  and  V.  parisiensis , Blain.,  belongs  to  another  genus  ; and  the  same 
may  probably  be  said  of  V.  gig  ant  ea? 

Distribution.- The  genus  Viverra  is  at  the  present  time  exclusively  Asiatic,  while  the 
whole  living  family  is  confined  to  the  Old  World.  The  fossil  forms  mentioned 
above,  some  of  which  from  the  small  size  of  the  talon  of  m.  1 may  possibly  belong 
to  Genetta , are  all  confined  to  the  Old  World : the  genus  commenced  in  the  upper 
eocene. 

Species  1.  Viverra  bakeri,  Bose. 

Syn.  Canis  ? sp.,  Falc.  and  Caut. 

History. — In  the  supplemental  plates  of  the  u F.A.S.”9  there  are  represented 
a cranium,  and  the  portion  of  a left  maxilla  of  a small  Siwalik  carnivore, 
in  the  British  Museum ; entered  doubtfully  in  the  description  of  the  plates10  as 
Canis  Recently  Mr.  Bose11  has  described  these  specimens  under  the  name  of 
Viverra  bakeri. 

1 “Notes  sur  quelques  Mammiferes,  etc.”  oi).cit.,  pi.  IV. 

2 Gunther,  “ Pro.  Zool.  Soc.”  1876,  p.  428.  3 “ Phosphorites  du  Quercy  ” figs  334-6. 

4 Gervais  op.  cit.,  pi.  XXII,  fig.  1. 

5 Gray,  “Pro.  Zool.  Soc.”  1832,  p.  63.  ' 6 Woodcut,  fig  11,  supra,  p.  266 

7 “ Phosphorites  du  Quercy,”  figs  115-6.  8 Blain ville  “ Osteographie, ” Genus  Viverra  pi.  XIII. 

9 PL  Q.  figs  1,  a,  b,  3;  10  “Palaeontological  Memoirs,”  vol.  I,  p 553. 

11  “ Quart.  Journ.  Gcol.  Soc.”  vol.  XXXVI,  p.  131. 
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Cranium. — The  above-mentioned  cranium  is  represented  of  the  natural  size  in 
figures  1,  la,  of  plate  XXXIII  of  the  present  volume.  It  is  considerably  damaged, 
apparently  from  lesions  before  it  became  buried  in  the  rock  ; but  the  hinder  part  of 
the  palate  is  fairly  perfect,  and  exhibits  on  either  side  the  four  last  cheek-teeth  in 
excellent  preservation.  The  elongated  form  of  the  cranium  indicates  without 
doubt  the  viverrine  affinities  of  the  specimen  ; while  its  large  size,  absence  of  any 
inner  cusp  to  pm.  3,  large  inner  portion  of  m.Jfj;  and  relatively  large  size  of  m 2, 
are  all  distinctive  characters  of  Viverra  as  given  above.  Mr.  Bose’s  generic 
determination  may  accordingly  be  accepted. 

In  describing  the  specimen,  Mr.  Bose  observes : “ The  skull  indicates  an 
animal  of  nearly  the  same  size  as  the  Civet  (V.  civettaj.  The  third  premolar,  which 
is  proportionately  larger  than  the  corresponding  tooth  in  the  latter,  consists  of  a 
stout  triangular  crown,  and  presents  no  division  into  accessory  lobes,  anteriorly, 
or  posteriorly.  The  cingulum  is  well  pronounced,  and  sends  up  a ridge  anteriorly, 
which,  meeting  with  its  fellow  from  behind,  divides  the  crown  into  two  parts,  of 
which  the  external  is  much  more  convex  than  the  internal.  The  sectorial  [~pm.  4]  is 
like  the  corresponding  tooth  in  the  Civet,  but  proportionately  larger.  The  anterior 
of  the  two  lobes  into  which  its  blade  is  divided  is  thick  and  conical,  with  a small 
accessory  lobule  in  front,  and  is  mapped  off  by  a notch  from  the  posterior  lobe. 
The  internal  tubercle  is  stout  and  strong,  and  separated  by  a deep  valley  from  the 
outer  lobes,  as  in  the  Civet.  The  first  tubercular  fm.  1]  is  triangular  and  tricuspid, 
and  is  a little  larger  than  the  corresponding  tooth  in  that  species.  The  two  sub- 
equal outer  cusps  are  ground  down  into  flattened  • crescent-shaped  disks ; and  the 
inner  cusp  is  separated  from  them  by  a deep  pit.  The  second  tubercular  [ny_2]  is 
proportionately  longer  laterally  [transversely],  and  narrower  antero-posteriorly  than 
the  corresponding  tooth  in  the  Civet.” 

In  the  following  table  the  dimensions  of  the  fossil  cranium  (a),1  and  of  the 
maxilla  (b)  represented  in  figure  2 of  the  same  plate,  are  compared  with  those  of 
V.  civetta  and  V.  zibetha.  The  specimens  of  V.  civetta , are  (a)  one  in  the  British 
Museum  (No.  138,  d);  (b)  another  in  the  same  collection  (No.  76,  9,  26,  13);  and 
one  (c)  figured  by  De  Blainville2 ; those  of  V.  zibetha  are  (a)  one  in  the  writer’s 
collection  (fig.  11),  and  (b)  another  in  the  College  of  Surgeons  (No.  455). 


V.  bakeri 

V.  civetta 

V.  zibetha 

t A 

, 

\ 

' K ^ 

a.  b. 

h. 

c. 

a. 

.DufW'G 

Length  of  inferior  surface 

5-4 

5-7 

5-3 

5-08 

5-5 

Width  between  pm.  4 and  m.  1 

1-96 

1-84 

1-87 

1-85 

1-76 

1-96 

,,  at  pm.  2 

1-07 

1-13 

1-1 

1-19 

0-88 

1-05 

Length  of  4 last  cheek-teeth 

1-44 

1-3 

1-38 

1-25 

1-3 

, , , , 2 true  molars 

0-59 

0-6 

0-62 

0-57 

0-53 

0-49 

,,  ,,  pm.  3 

0;44 

0-34 

0-35 

0-34 

0-35 

4 

0-62  0-63 

0-5 

0-5 

0-48 

0-6 

0-6 

Width  of  pm.  4 at  tubercle 

0 37  0-38 

0-38 

0-4 

0-41 

0-35 

External  antero-posterior,  diameter  of  m.  1 

0-35  0 38' 

0-37 

0-38 

0-35 

0-35 

0-31 

Internal  ,,  ,,  ,, 

0-28  0-27 

0.28 

0-3 

0-28 

0-22 

0-22 

Transverse  ,,  ,,  ,, 

0’56  0'55 

0-55 

0-48 

0-58 

0 55 

0-5 

Antero-posterior  ,,  m.  2 

0-23 

0-28 

0-28 

0-26 

0-19 

0-19 

Transverse  - ,,  ,, 

0-4 

0-35 

0-35 

0-39 

0-32 

0-24 

i Mr.  Bose  makes  most  of  these  dimensions  slightly  smaller. 

2 

“ Osteographie  ’ 

’ — Viverra,  pi.  VIII. 
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In  V.  civetta  b m.  l is  remarkably  short  transversely ; in  another 
specimen  in  the  British  Museum  (No.  138,  b)  m.  2 is  extremely  large,  its  transverse 
diameter  being  T43  ; pm.  4 is  unusually  short  in  the  same  specimen,  its  length 
being  only  0-45. 

These  dimensions  show  that  in  the  fossil  the  carnassial  is  about  the  same  size  as 
that  of  the  zibeth,  its  length  considerably 
exceeding  the  united  length  of  the  two 
true  molars ; whereas  in  the  civet  the  latter 
diameter  is  considerably  the  larger  of  the. 
two.  The  true  molars  of  the  fossil  (as 
may  be  seen  by  a comparison  of  the  figure  of 
the  latter  with  the  accompanying  woodcut)  are, 
however,  different  from  those  of  the 
zibeth ; the  inner  portion  of  mj.  being 
longer  antero-posteriorly,  and  m.  2 alto- 
gether larger : in  this  respect  they  agree 
very  nearly  with  those  of  the  civet ; m.  2 
being  rather  larger  than  is  generally  the 
case  in  that  species.  The  third  premolar 
is  larger  than  in  either  of  the  existing 
species.  As  it  has  been  shown  above  that 
in  the  dogs  a relatively  large  upper 
carnassial  (megalocreodontism),  with  a reduction  in  the  size  of  the  last  true  molar,  is 
indicative  of  high  specialization,  it  may  be  assumed  that  the  same  will  probably  hold 
good  for  the  civets1 ; and  consequently  that  the  zibeth  is  a more  specialized  animal 
than  the  civet.  The  Siwalik  civet  must  be  regarded  as  intermediate  between  the 
two,  its  carnassial  having  attained  the  proportions  of  that  of  the  zibeth,  while  its 
true  molars  retain  the  large  size  of  those  of  the  civet. 

In  respect  of  other  characters  the  condition  of  the  fossil  allows  of  very  few 
observations.  As  the  skull  appears  to  agree  in  size  with  the  zibeth  marked  a,  it 
appears  that  its  palate  is  relatively  wider  than  in  that  species,  and  thereby  agrees 
with  the  civet.  Similarly  the  palate  of  the  fossil,  like  that  of  the  civet,  is  produced 
to  a greater  extent  behind  the  last  molar  than  in  the  zibeth.  Superiorly  the  fossil 
skull  seems  to  be  as  much  elongated  as  in  the  latter. 

Left  maxilla. — The  left  maxilla  represented  in  figure  2 of  plate  XXXIII.,  of 
which  the  measurements  have  been  already  given,  is  another  specimen  in  the  Siwalik 
collection  of  the  British  Museum.  The  second  true  molar  has  been  broken  away ; 
but  the  resemblance  of  the  remaining  teeth  to  those  of  the  type  cranium  is  so  close 
that  the  two  may  be  safely  referred  to  the  same  species. 

Distinctness  as  a species. — The  foregoing  comparisons  leave  no  doubt  of  the 

1 The  word  civet  may  be  used  in  two  senses  : firstly,  as  applicable  to  the  whole  genus  Viverra,  and  secondly,  as  applicable 
only  to  V.  civetta.  , 

W 
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specific  distinctness  of  the  Siwalik  civet  both  from  V.  civetta  and  V.  zibetlia ; and  as 
the  other  living  species  (as  well  as  Fossa ) are  all  considerably  smaller  than  the  latter, 
the  fossil  cannot  be  the  same  as  any  living  species.  Of  the  named  fossil  species 
given  in  the  foregoing  list  the  only  one  approaching  in  size  to  the  Siwalik  form  is 
V.  angustidens , of  which  . only  the  mandible  is  known.  That  part  indicates,  however, 
a shorter- jawed  animal  than  the  Siwalik  civet;  while  the  extremely  short  talon  of 
mTl  is  very  different  from  the  corresponding  part  in  the  civet  and  zibetli : the  relative 
shortness  of  the  whole  of  xuTl  in  V.  angustidens  is  moreover  quite  unlike  the  form 
of  that  tooth  in  the  zibeth.  Since  it  is  probable  that  m.  1 of  the  Siwalik  fossil 
was  very  similar  to  that  of  the  zibeth,  it  is  pretty  certain  that  the  former  is  specifically 
distinct  from  V.  angustidens  : and  it  may  accordingly  rank  as  a distinct  species,  under 
the  name  applied  by  Mr.  Bose. 

The  megalocreodont  character  of  Viverra  bakeri  indicates  that  it  cannot  in  all 
probability  have  been  the  ancestor  of  the  African  V.  civetta  : it  is,  however,  extremely 
probable  that  it  may  have  given  rise  to  the  Indian  V.  zibetlia ; the  reduced  size  of  the 
true  molars  of  the  latter  being  a later  specialization. 

Distribution. — The  two  specimens  described  above  are  the  only  ones  that  can  be 
referred  to  V.  bakeri ; and  were  both  obtained  from  the  typical  Siwalik  Hills. 

Species  2.  Viverra  durandi,  n.  sp.,  nobis. 

Syn.  (?)  Canis,  sp.,  Falc.  and  Caut. 

History. — The  specimen  on  which  this  species  is  founded  is  mentioned  here  for 
the  first  time  ; while  a second  specimen  has  been  hitherto  referred  to  another  genus. 

Cranium. — In  figure  3 of  plate  XXXIII.  there  is  represented  from  the  palatal 
aspect  the  cranium  of  a viverroid  animal  from  the  Siwaliks,  lately  presented  by 
Prof.  George  Busk  to  the  British  Museum,  which  was  originally  in  the  possession  of  Dr. 
Falconer,  and  was  probably  obtained  from  the  typical  Siwalik  Hills.  The  specimen 
has  lost  its  anterior  portion,  which  has  been  separated  by  an  oblique  fracture  a short 
distance  in  advance  of  pm.  4 : the  hinder  part  of  the  palate  shows  the  last  three 
cheek-teeth  of  either  side  in  fair  preservation.  On  the  left  side  the  zygomatic  arch 
is  preserved;  but  the  specimen  is  so  fragile  that  it  has  not  been  deemed  advisable  to 
clear  it  from  matrix.  The  auditory  bulla  of  the  same  side  is  present ; as  well  as  the 
right  occipital  condyle  ( con ).  On  the  superior  aspect  (not  figured')  the  frontal  and 
parietal  regions  are  well  exposed,  and  are  in  fair  preservation. 

The  form  of  the  whole  skull  and  teeth  leaves  no  doubt  that  the  specimen  should 
be  referred  to  the  present  group  of  animals.  Its  extremely  large  size,  the  anteriorly 
pointed  auditory  bulla,  the  relatively  large  size  of  m,  2,  and  the  large  inner  portion 
of  ml,  are  all  characters  of  Viverra , as  distinct  from  Genetta  and  other  genera  ; and 
the  specimen  may,  therefore,  be  referred  to  the  former.  In  the  following  table  its 
dimensions  are  compared  with  those  of  the  skulls  of  V.  bakeri , V.  civetta , and  V. 
zibetlia , mentioned  in  the  preceding  table : — 
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Length  from  foramen  magnum  to  hinder  border  of  palate 


Specimen.  V.  bakeri.  V.  civetta. 
3-42  2-26 


3-75 

2-82 


2-69 

1-85 


Y.  zibetha. 
2-35 
2-5 
1-76 


0-59 

0-62 

0-37 

0-35 

0-28 

0-56 

0-23 


1-55 


1-76 


0-57 

0-48 

0-41 

0-35 

0-28 

0-68 

0-26 

0-39 


2-47 

1- 53 

2- 94 
0-61 
0-88 
0-53 
0-6 
0-35 
0-35 
0-22 
0‘55 
0-19 
0-32 


Width  between  pm.  4 and  m.  1 

,,  at  post-orbital  processes  of  frontals 
Greatest  zygomatic  width  .... 

Width  of  cranial  box  at  posterior  zygomatic  root  . . . . 1'98 

Length  from  post-orbital  process  of  frontal  to  occipital  crest  . 3-95 

Greatest  diameter  of  occipital  condyle  . . . . . 0-82 

Vertical  diameter  of  orbit  .... 

Length  of  two  true  molars 

,,  ,,  pm.  4 ' . 0-79 

Width  ,,  ,,  ,,  at  tubercle 0-55 

External  antero -posterior  diameter  of  m.  1 0-46 

Internal  ,,  ,,  0‘34 

Transverse  diameter  of  ditto 0-72 

Antero-posterior  diameter  of  m.  2 0-26 

Transverse  ,, 

It  will  be  seen  from  these  dimensions  that  the  present  specimen  is  very  much 
larger  than  the  skulls  of  either  of  the  other  three  species  : — so  much  so  in  fact  that 
on  this  ground  alone  it  is  probable  that  it  should  be  referred  to  a distinct  species.1 
In  regard  to  other  points,  it  will  be  observed  that  the  length  of  pm.  4 is  greater  than 
the  united  length  of  m.  I and  im  2 ; indicating  that  the  specimen  is  a megalocreodont 
form,  and,  therefore,  specifically  distinct  from  V.  civetta.  In  regard  to  V.  bakeri , it 
will  be  seen  from  the  measurements  that  in  the  specimen  m.  1 becomes  relatively 
narrower  internally  ; more  nearly  resembling  in  this  respect  the  corresponding  tooth 
of  the  zibeth.  The  proportionate  size  of  m.  2 is,  however,  about  the  same  as  that  of 
V.  bakeri ; and,  therefore,  larger  than  that  of  the  zibeth ; its  antero-posterior 
diameter  is  relatively  smaller  than  that  of  the  corresponding  tooth  of  the  civet.  In 
both  V.  bakeri  and  V.  zibetha  the  inner  border  of  m.  1 is  placed  in  advance  of  that  of 
m.2,  whereas  in  the  present  specimen  these  borders  occupy  the  same  antero-posterior 
line.  The  outer  border  of  m.  2 in  the  latter  forms  a continuation  of  that  m 1 ; this 
line  being  placed  very  obliquely  to  the  antero-posterior  axis  of  the  skull : in  V. 
bakeri , on  the  contrary,  the  outer  border  of  m,  2 is  placed  externally  to  that  of  m. 1, 
and  both  are  set  less  obliquely  to  the  cranial  axis.  The  zibeth  is  in  these  respects 
more  like  the  present  specimen.  The  angle  formed  by  the  junction  of  the  outer 
borders  of  pm.  4 and  m.  1 } m.  2 in  the  present  specimen  is,  however,  much  less  open 
than  in  either  of  the  other  species.  The  hinder  border  of  the  palate  is  very  different 
from  that  of  the  zibeth,  being  produced  some  distance  behind  m.  2}  in  the  manner  of 
V . bakeri : it  appears,  however,  that  the  form  of  the  opening  of  the  posterior  nares 
is  somewhat  different  in  the  two,  as  may  be  seen  from  a comparison  of  the  figures. 
In  V.  bakeri  the  frontals  are  less  contracted  behind  the  post-orbitals,  while  the  hinder 
part  of  the  skull  is  relatively  shorter.  Further  comparisons  between  the  two  are 
impossible  • but  it  would  appear  from  the  differences  mentioned  above,  together  with 
the  great  discrepancy  in  respect  of  size,  that  the  skull  under  consideration  is 
specifically  distinct  from  that  form.  In  addition  to  the  points  of  distinction  already 

i It  will,  however,  be  shown  below  that  there  is  a specimen  intermediate  in  size. 
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mentioned,  tlie  specimen  differs  from  V.  zibetha  in  the  greater  proportionate  width  of 
the  frontals  across  the  post-orbital  processes,  which  is  but  very  slightly!  instead  of 
very  considerably,  less  than  the  width  of  the  hinder  part  of  the  cranial  box.  In 
front  of  the  post-orbital  processes  the  frontals  of  the  fossil  skull  contract  much  more 
rapidly;  and  their  lateral  surfaces,  with  the  adjacent  surfaces  of  the  maxilla,  are 
placed  at  right  angles  to  their  superior  surface,  instead  of  at  an  obtuse  angle. 
Posteriorly  also  the  sagittal  ridges  of  the  frontals  are  more  strongly  developed  ; and 
with  the  sudden  anterior  contraction  of  the  frontals,  cause  the  middle  part  of  those 
bones  to  form  a nearly  perfect  diamond-shaped  space,  quite  different  from  the 
corresponding  part  of  the  civet  or  zibeth.  The  orbit  of  the  fossil  is  relatively 
smaller.  These  differences  indicate  the  specific  distinctness  of  the  fossil  from 
V.  zibetha. 

Of  the  other  undoubted  species  of  Viverra  given  in  the  foregoing  list,  the  only 
one  approaching  in  size  to  V.  zibetha  is  V.  angusticlens  : the  lower  jaw  of  that  form  is, 
however,  too  small  to  have  belonged  to  the  present  specimen : and  the  extreme 
shortness  of  m.T  indicates  that  it  belonged  to  a species  in  which  pm.  4 was  short. 
The  so-called  V.  gigantea  cannot  belong  to  the  same  species  as  the  present  specimen, 
since  it  is  markedly  meionocreodont,  and  its  lower  teeth  are  very  different  from 
those  of  V.  zibetha. 

It  seems,  therefore,  that  the  fossil  under  consideration  is  specifically  distinct 
from  any  described  species  of  Viverra ; all  of  which  it  greatly  exceeds  in  size.  It 
may  be  appropriately  named  V.  durandi , in  honour  of  the  late  Sir  H.  M. 
Durand,  the  associate  of  Sir  W.  E.  Baker  in  the  early  collection  and  description  of 
Siwalik  fossils. 

Second  specimen. — In  plate  Q,  figures  2,  2a,  of  the  supplement  to  the  “ Fauna 
Antiqua  Sivalensis  ” there  is  figured,  under  the  name  of  Canis  (?)  sp.,1  the  anterior 
part  of  a cranium  of  a carnivore  from  the  Siwaliks,  now  in  the  British  Museum 
(No.  37,150).  The  specimen  has  been  broken  off  anteriorly  in  front  of  the  canine, 
and  posteriorly  in  the  middle  of  the  cranial  box  ; the  whole  of  the  teeth  have  either 
dropped  from  their  sockets,  or  have  been  hammered  off.  The  whole  contour  of  the 
specimen,  and  especially  the  production  of  the  palate  far  behind  the  socket  of  m.  2, 
shows  that  the  specimen  is  not  a canine,  but  a viverrine  carnivore.  The  middle 
portion  of  the  skull  (which  is  the  only  part  common  to  the  two  specimens)  precisely 
resembles  the  corresponding  part  of  V.  durandi , as  may  be  seen  by  anyone  who  takes 
the  trouble  of  comparing  the  two  specimens  in  the  British  Museum2 ; the  peculiar 
diamond-shaped  frontals,  with  their  sudden  fore-and-aft  contractions,  being  as  well 
displayed  in  one  specimen  as  in  the  other : the  vertical  lateral  surfaces  of  the  frontals 
are  also  the  same  in  both.  On  the  palatal  aspect  also  the  two  specimens  appear 
perfectly  similar,  the  palate  being  produced  in  the  same  manner  behind  m,  2 ; and 

1 See  “ Palaeontological  Memoirs,”  vol.  I.,  p.  553. 

2 As  the  number  of  plates  required  for  this  memoir  is  very  large  the  writer  has  been  compelled  to  omit  figures  of  some 
specimens  : he  has  preferred  to  do  this  in  the  case  of  specimens  in  the  British  Museum,  which  are  easily  accessible,  rather 
than  in  the  case  of  thoSe  belonging  to  the  Indian  Museum,  Calcutta. 
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pm.  4,  as  may  be  seen  from  the  size  of  its  alveolus,  relatively  large.  From  this 
precise  resemblance  there  appears  to  be  no  doubt  that  the  two  specimens  belong 
to  the  same  species ; although  the  second  one  (a),  as  may  be  seen  from  the  following 
dimensions,  is  rather  smaller  than  the  first  (b) : — 

V.  durandi.  V.  zibetba. 


a.  b. 

Width  between  pm.  4 and  m.  1 2'36  2-82  ..  1*76 

,,  at  post -orbital  processes  of  frontals  . . . . 1 *68  1*8  . ..  1*1 

,,  ,,  pm.  2 1-16  . . 0-88 

Interval  between  alveoli  of  canine  and  pm.  4 . . . 1'44  ..  O' 94 

Length  of  alveolus  of  pm.  1 0 3 ..  015 

2 0 43  ..  0-34 

The  second  specimen,  although  bridging  over  to  some  extent  the  discrepancy  in 
size  between  V.  bakeri  and  V.  durandi , serves  to  confirm  the  conclusions  as  to  their 
specific  distinctness.  Thus  a comparison  of  the  figures  given  in  the  “Fauna 
Antiqua  Sivalensis,”1  or  of  the  originals  in  the  British  Museum,  will  show  that  while 
in  V.  bakeri  the  facial  portion  of  the  skull  gradually  diminishes  in  width  from  the 
zygoma  to  the  muzzle  ; in  V.  durandi  there  is  a very  sudden  contraction  in  front  of 
the  anterior  zygomatic  root,  in  advance  of  which  the  borders  of  the  maxillae  are 
nearly  parallel.  The  face  of  the  latter  seems  also  to  have  been  proportionately 
snorter ; while  its  first  premolar  is  relatively  longer  than  in  either  the  civet  or  the 
zibeth. 

General  characters. — It  appears  from  the  foregoing  comparisons  that  Viverra 
durandi  is  the  largest  known  civet ; and  in  respect  of  dental  characters  more  nearly 
allied  to  the  Indian  V.  zibetha  and  V.  bakeri  than  to  the  African  V.  civetta : presenting 
in  some  respects  characters  intermediate  between  the  two  former.  In  its  cranial 
characters  it  is  markedly  distinct  from  each  of  the  other  three  species. 

Distribution. — Both  of  the  two  specimens  described  above  were  obtained  from  the 
typical  Siwalik  Hills. 

It  should  be  mentioned  that  a fragment  of  the  mandible,  containing  one  perfect 
tooth,  of  a small  carnivore  from  the  Siwaliks  of  Eastern  Bengal  has  been  figured  by 
Pentland  under  the  name  of  Viverra .2  The  specimen  is,  however,  insufficient  for 
generic  determination  : the  tooth  is  figured  by  De  Blainville.3 


Family  IV. : HYJENIDJE. 

This  family,  according  to  Professor  Mivart,4  comprehends  the  two  existing 
genera  Ilycena  (including  Cr  o cut  a),  and  Proteles ; but  the  latter  is  referred  by  Prof. 
Flower5  to  a distinct  family.  Professor  Gaudry6  has  established  a fossil  third  genus, 
under  the  name  of  Uycenictis ; but  it  will  be  shown  below  that  there  is  such  a 
complete  transition  between  that  so-called  genus  and  Hycena , that  it  seems  necessary 
to  merge  the  one  into  the  other ; or,  at  all  events,  not  to  rank  Uyaenictis  as  of  more 
than  subgeneric  value.  A new  genus  will  be  described  below  under  the  name  of 

1 Plate  Q,  figs.  1,  la,  and  2,  2a.  4 ‘Pro.  Zool.  Soc.,’  1882,  p.  140. 

2 ‘Trans.  Geol.  Soc.  Lon.,’  ser.  2,  vol.  II.,  pi.  XLV.,  fig.  3.  5 Jhirf,  1883,  p.  186. 

3 “ Osteographio,”  Genus  Viverra,  pi.  XIII.  (i  “ Animaux  Fossiles  ct'Geologie  do  l’Attique,”  p.  95. 


275—98  INDIAN  TERTIARY  AND  POST-TERTIARY  VERTEBRATA. 


Lepthycena.  In  the  living  representatives  of  the  typical  genus  there  is  normally  hut 
one  true  molar  in  either  jaw,  and  each  limb  carries  but  four  digits.  In  certain  fossil 
forms  ( Lepthycena , Hycenictis),  mT2  is  either  always,  or  frequently,  developed;'  while 
m.  1 is  relatively  larger  than  in  other  species.  These  forms  indicate  an  approximation 
to  Ictitheriuvi,  and  thus  connect  the  ■ family  with  the  modern  civets.1  The  genus 
Proteles  is  distinguished,  among  other  characters,  by  the  possession  of  five  digits  on 
the  anterior  limb,  and  connects  the  genus  Hycena  with  the  herpestine  division  of  the 
preceding  family  ( Viverridce). 

The  family  is  entirely  confined  to  the  Old  World,  with  its  head-quarters  at  the 
present  day  in  Africa. 

Genus  : HYiENA,  Brisson. 

Including  Grocotta,  Kaup  ; Crocuta , Gray ; Euhycena,  Falconer,  MSS.; 

Hycenictis , Gaudry. 

Dentition. — The  normal  adult  dental  formula  of  Hycena , in  which,  for  palaeon- 
tological purposes,  at  all  events,  Crocuta 2 is  best  included,  is  I.  -§,  C.  j,  Pm.  §,  M.  j. 
In  certain  fossil  forms,  however,  pm.  1 is  either  occasionally,  or  normally,  absent, 
while  in  others  pm.  1 is  normally  developed  ; and  in  others  again  m.  2 may  be  either 
occasionally,  or  normally,  present.  The  range  of  variation  in  the  dentition  may, 
therefore,  be  expressed  by  the  following  formula: — viz. , I.  •§,  C.  j,  Pm.  [|2j,  M.  . 
In  typical  forms  the  upper  true  molar  is  a comparatively  small,  transversely 
elongated  tooth  ; but  there  is  considerable  variation  in  the  relative  size  of  this  tooth 
in  the  different  species,  and  in  some  it  is  reduced  to  a minute  subcylindrical  crown, 
and  may  be  shed  at  an  early  age,  even  if  in  some  instances  it  be  not  totally  absent. 
When  fully  developed  this  tooth  is  generally  larger  than  in  the  cats,  though  occupy- 
ing a similar  position  : in  typical  forms  it  is  different  from  the  corresponding  tooth 
in  the  dogs,  which  is  always  placed  behind,  instead  of  internally  to,  pm,  4.  The 
latter  is  a large  tooth,  which  by  the  great  development  of  the  anterior 
talon  has  acquired  a distinctly  trilobed  blade.  In  describing  this  tooth  it  will  be 
convenient  to  refer  to  these  three  lobes  as  first,  second,  and  third  lobe,  but  it  must 
always  be  remembered  that  the  first  lobe  is  unrepresented  in  the  carnassial  of  the 
dogs,  and  corresponds  to  the  talon-lobe  of  Bycenarctos  ( plate  XXX.,  fig.  2,  a).  The 
second,  or  middle,  lobe  corresponds  to  the  first  lobe  of  the  dog’s  tooth  ( Hycenarctos , m) ; 
and  the  third,  or  last,  lobe,  to  the  second  or  last  lobe  of  the  dog’s  tooth  ( Hycenarctos , p). 
This  tooth  is  generally  distinguished  from  the  carnassial  of  the  cats  by  the  larger 
size  of  the  tubercular  portion  ; but  there  is  one  species  (H.  eximia)  in  which  this  is 
small,  and  the  distinction  from  the  feline  tooth  is  then  very  slight.  The  second  and 
third  upper  premolars  are  large  sub-conical  teeth,  with  or  without  talons : 
the  great  development  of  the  main  lobe  of  these  teeth  in  the  typical  forms 
distinguishing  them  from  the  corresponding  teeth  of  the  cats  and  dogs.  The  first 

1 See  G-audiy,  “Les  Enchainements  (lu  Monde  Animal,  .etc.  — Mammiferes  Tertiaires,”  p.  215,  et.  seq. 

2 Considered  distinct  by  Prof.  Mivart,  op.  cit. 
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upper  pi’emolar  isa  mucli  smaller  tooth,  with  a general  resemblance  to  the  corresponding 
tooth  of  the  dogs. 

In  the  lower  jaw  the  carnassial  (m.  I)  is  divided  into  a blade  and  talon,  the  latter 
bearing  two  small  cusps : the  lobes  of  the  blade  are  large  and  subequal ; in  the  less 
specialized  forms  (II.  striata)  there  is  a small  inner  cusp  to  the  hinder  lobe,  but  this 
disappears  in  the  more  specialized  forms.  The  presence  of  the  talon  to  mTT 
distinguishes  it  from  the  corresponding  tooth  of  the  modern  cats  : but  this  part  varies  in 
size  in  the  different  species,  being  relatively  small  in  the  more  specialized  forms. 
The  lower  premolars  are  conical  teeth,  varying  considerably  in  the  amount  of  lateral 
compression,  and  in  the  degree  of  development  of  their  fore-and-aft  talons.  The 
first  lower  premolar,  when  present,  is  always  small.1 

Distribution. — Both  in  the  living  and  fossil  state  the  hysenas  are  essentially  Old 
World  forms,  no  traces  of  them  having  ever  been  found  in  America.2  The  living 
forms  are  found  in  India,  Persia,  Asia  Minor,  and  North  and  South  Africa,  and  the 
fossil  representatives  of  the  genus  have  been  found  in  Europe,  North  Africa,  India, 
and  China.  The  genus  is  unknown  before  the  epoch  of  the  Pikermi  beds. 

1 Number  of  species. — The  following  list  comprizes  the  best  known  species  of  the 
genus,  exclusive  of  the  Indian  fossil  species,  with  their  more  important  syiionomy. 
Doubtful  species  are  indicated  by  an  asterisk. 

*1.  Hyaena  antiqua,3  Lank.  Up.  pliocene,  England. 

A very  doubtful  provisional  species,  founded  upon  a single  pm.  3 ; is  said  to  be  allied 
to  H.  striata. 

*2.  Hyena  arvernensis,  Cr.  and  Job.  Up.  pliocene,  Europe. 

This  form  is  closely  allied  to,  if  not  identical  with,  the  living  H.  striata , with  which  it 
is  provisionally  associated  by  Professor  Gaudry.4 

3.  Hyaena  brevirostris,  Aymard.  Pliocene,  Europe. 

This  species  is  distinguished  from  all  others  by  its  gigantic  size  : the  lower  carnassial 
has  a large  talon,  but  no  inner  tubercle : the  upper  true  molar  is  very  large. 

4.  Hyena  brunnea,  Thunb.  Recent,  South  Africa. 

H: fusca,  G.  St.  H.  H.  villosa,  Smith. 

Crocuta  brunnea , Gray. 

In  this  species  the  lower  carnassial  has  a small  talon,  with  normally  a small 
inner  cusp,  but  this  may  be  absent.5  : the  upper  true  molar  is  very  large.  One 
instance  is  recorded  of  the  absence  of  the  latter  tooth.6  There  is  a distinct  anterior 
talon  to  pm.  3,  but  this  is  smaller  than  in  H.  striata  : the  third  lobe  of  pm.  4 js  not 
larger  than  the  middle. 

5.  Hyena  cheretis,7  Gaud,  and  Lart.  Pikermi  beds,  'Greece. 

This  species  is  distinguished  by  the  elongated  form  of  its  premolars:  the  lower 
carnassial  has  a large  talon,  and  inner  cusp  : the  upper  true  molar  is  unknown,  and 
• , ,;pm.  1 present. 

1 For  a more  detailed  description  of  the  dentition  of  the  existing  forms  see  Mivart,  ‘Pro.  Zool.  Soc.,’  1882,  p.  199, 
et.  seq.,  and  Busk,  ‘ Journ.  Linn.  Soc. — Zoology,’  vol.  IX.,  1866,  p.  59. 

2 The  so-called  Bycena  neogasa  of  Lund— Mucharodus.  3 ‘ Anri.  Mag.  Nat.  Hist.,’  vol.  XIII.,  1864,  p.  56,  pi.  VIII. 

4 “ Animaux  Fossiles  et  Geologie  de  l’Attique,”  p.  103.  5 College  Surg.  Museum,  No.  519. 

6 Mivart,  ‘ Pro.  Zool.  Soc.,’  1882,  p.  200.  7 Gaudry,  “Animaux  Fossiles  et  Geologie  de  I’Attiquo.”  p.  92,  pi.  XV. 


277—100  INDIAN  TERTIARY  AND  POST-TERTIARY  VERTEBRATA. 


6. 


Hyaena  ceocuta  (Erxl.).  Pleistocene,  Europe ; Recent,  S.  Africa. 


H.  capensis,  Desm. 

H.  maculata,  Thunb.  {non  Odm.) 
H.  rufa , Cuv. 

H.  spelcea,  Gold'f.  (?  var.) 


Crocota  maculata,  Kaup. 
C.  spelcea,  Kaup  (?  var.) 
Crocuta  maculata.  Gray. 
Cams  crocuta,  Erxl. 


In  this  species  m.  l has  a small  talon,  and  no  inner  cusp1  : m.  1 is  always  minute,  and 
may  possibly  be  absent  in  some  instances2  : it  has  either  one  or  two  fangs.  In  one 
skull3  there  is  on  one  side  the  alveolus  of  a minute  m7~2.  The  hinder  lobe  of  pm.  4 
is  larger  than  the  middle  ; and  there  is  no  distinct  anterior  talon  to  pm  3,  which  is 
set  parallel  to  the  molar  alveoli. 


7.  Hyaena  eximia,4  Roth,  and  Wagner.  Pikermi  beds,  Greece  and  Hungary. 

Hyccna  hipparionum , Suess  {non  Gerv.)  in  parte. 

In  this  species  mTl  has  a large  talon,  but  no  inner  cusp  : mj  is  large  : pm.  1 is  present ; 
and  in  one  specimen5  pm.  1 is  absent.  Em.  3 has  no  anterior  talon  ; and  in  pm.  4 the 
tubercle  is  very  small,  apd  the  third  lobe  slightly  larger  than  the  second. 


8.  Hyaena  ge^eca6  (Gaud.)  Pikermi  beds,  Greece. 

Hycenictis  grccca.  Gaud.  Hyaena  hipparionum,  Suess  {non  Gerv.)  in  parte. 

In  this  species  £72  is  present,  and  m.  I very  large  : mTl  has  a large  hind  talon,  and  no 
inner  cusp  ; the  tubercle  of  pm.  4 is  large,  as  is  apparently  its  third  lobe. 

*9.  Hyena  peeeieei,7 *  Cr.  and  Job.  Up.  pliocene,  Europe. 

In  this  form  thfe  lower  carnassial  has  a large  talon,  but  po  inner  tubercle  : the  upper 
true  molar  is  of  medium-  size.  It  is  probable  that  it  is  closely  related  to,  if  not 
merely  a variety  of,  H.  crocuta? 

*10.  Hyena  sinensis,9  Owen.  Pliocene  or  pleistocene,  China. 

This  species,  founded  on  the  evidence  of  an  upper  and  lower  third  premolar,  is 
not  improbably  the  same  as  one  of  the  Siwalik  species  described  below. 


11. 


Hyena  steiata,  Zimin.  Pleistocene,  S.  Europe;  Recent,  India,  Persia, 
Asia  Minor,  and  N.  Africa. 


B.  antiquorum,  Tern. 

H.  fasciata,  Thunb. 

H.  intermedia ,10  M.  de  Ser. 

H.  inonspessulana,  Christ. 

H.  orientalis,  Tiedm. 

Canis  hyaena,  Lin. 
In  this  species  the  lower  carnassial  has  a 
true  molar  is  large  : there  are' large  fore-a 
pm.  4 is  not  larger  than  the  second. 


IT.  prisca ,n  M.  de  Ser. 

H.  veterum,  Ksempfer. 

H.  virgqta,  Gray. 

H.  vulgaris,  Desm. 

Euhycena  striata,  Falc. 

large  talon  and  inner  cusp,  and  the  upper 
id-aft  talons  to  pm.  3,  and  the  third  lobe  of 


The  so-called  Hycena  hipparionum , of  Gervais,  is  the  same  as  Ictitherium  ; while 
Hycena  neoycea , of  Lund,  as  already  mentioned,  is  a Machcerodus. 


1 Traces  of  this  cusp  may  occasionally  exist,  especially  in  the  fossil  race.  See  Busk,  ‘ Trans.  Zool.  Soc.,’  vol.  X , p.  77. 

2 Ibid,  p.  78.  3 Museum  of  Eoyal  College  of  Surgeons,  No.  523 

4 Gaudry,  “ Animaux  Fossiles  et  Geologie  de  l’Attique,”  p.  80,  pis.  XII. -XIY.  5 Cast  in  British  Museum. 

6 Gaudry,  op.  cit.,  p.  95,  pi.  XY.  7 Blainville,  “ Osteographie,”  Genus  Hyaena,  pis.  YI.-YIII. 

8 Boyd  Dawkins,  ‘ Nat.  Hist.  Eev.,’  1865,  p.  80,  et.  seq.  In  subsequent  memoirs  (‘  Quart.  Journ.,’  vol.  XXYIII.,  p.  443, 

“ Cave  Hunting,”  p.  421)  Mr.  Dawkins  identifies  this  species  with  H.  striata,  and  says  that  Professor  Gaudry  agrees  with 

him.  This  is  probably  altogether  an  error,  as  Professor  Gaudry  classes  H.perrieri  with  H.  crocuta  in  his  “ Animaux  Fossiles  et 

Geologie  de  l’Attique,”  p.  103.  9 “ Quart.  Journ.  Geol.  Soc.,’  vol.  XXVI.,  p.  422,  pi.  XXYIII  , figs.  5-7. 

10 'teste  Busk,  ‘ Zool.  Trans.,’  op.  cit.  H teste  Gervais,  “Zool.  et  Pal.  Franc;.,”  p.  241. 
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The  best  known  of  these  species  may  be  classed  as  follows,  mainly  after  Prof. 
Gaudry,  vis.  : — 


m.l 

pm.  1 

cusp 

-v 

talon 

m.2 

II.  crocuta  (inner  cusp  absent  in  mm.  4) 

small 

absent 

absent 

small 

absent 

H.  perrieri  

,, 

„ 

„ 

„ 

„ 

II.  eximia  (tubercle  of  Pm-  4 very  small) 

large 

present 

„ 

large 

„ 

II.  brevirostris 

„ 

• p ■ 

,, 

„ 

,, 

II.  graeca  (inner  cusp  present  in  mm.  4) 

very  large 

present 

„ 

„ 

present 

11.  brunnea  (inner  cusp  of  mTi  small) 

large 

absent 

present 

large 

absent 

H.  arvernensis  (inner  cusp  of  m.  1 large)  . 

very  large 

„ 

„ 

very  large 

II.  striata  ,,  ,,  ,,  ,, 

,, 

,, 

,, 

„ 

„ 

H.  cliceretis  (premolars  elongated) 

' P 

present 

„ 

„ 

, ? 

Species  1 : Hyaena  pelina,  Bose. 

Syn.  II.  sivalensis,  Falc.  and  Caut.,  in  part.  (?)  II.  sinensis , Owen. 

History  of  Suvalik  hycenas. — Before  describing  the  remains  assigned  to  the 
present  species,  it  will  be  -well  to  give  a brief  resume  of  the  previous  history  of 
Siwalik  hyaenas.  The  earliest  notice  of  the  remains  of  hyaenas  from  the  Siwaliks, 
appears  to  be  one  in  1835,  by  the  late  Gen.  (then  Lieut.)  Sir  W.  E.  Baker,1  in 
which  a skull  with  the  mandible  attached  (now  in  the  Science  and  Art  Museum, 
Dublin)  is  described  and  figured.  No  specific  name  was  assigned  to  the  specimen, 
which  was  stated  to  be  more  nearly  allied  to  the  fossil  hyaena  of  Europe  (II. 
crocuta ),  than  to  the  existing  Indian  species.  It  was  incidentally  mentioned  that 
other  Siwalik  specimens  discovered  by  Colonel  Colvin  (now  in  the  Indian  Museum) 
probably  indicated  a second  species.  In  1847,  Dr.  Falconer,  in  a letter  to  De 
Blainville,2  made  mention  of  two  species  of  Siwalik  hyaenas.  In  1859,  two 
crania  of  Siwalik  hyaenas  (those  discovered  by  Colonel  Colvin),  then  in  the  col- 
lection of  the  Asiatic  Society  of  Bengal,  were  catalogued  by  Dr.  Falconer,3  with- 
out the  affix  of  any  specific  name.  In  the  “Palaeontological  Memoirs”  (1868) 
descriptions  of  three  of  the  unpublished  plates  (K.L.M.)  of  the  “ Fauna  Antiqua 
Sivalensis,”  containing  figures  of  the  remains  of  Siwalik  hyaenas  in  the  British 
Museum,  are  given.  It  happened,  however,  by  mistake,  that  the  first  of  these 
plates  (K),  containing  figures  of  the  skulls,  was  lettered  Felis  cristata.  The 
other  two  plates  were  lettered  ffycena  sivalensis , Falc.  and  Caut.,  but  in  the 
description  of  the  first  (L)  it  is  observed4  “ this  species,  however,  is  no  doubt 
that  designated  Ilycena  sivalensis  by  Messrs.  Baker  aiid  Durand  in  the  brief 
description  given  by  them  in  the  “Journal  of  the  Asiatic  Society”  for  October, 
1835,  Vol.  IV,  p.  569.”  In  regard  to  that  observation,  it  has  been  already  observed 
that  the  author  of  that  paper  (Sir  W.  E.  Baker  alone),  did  not  assign  any  specific 
name  to  his  specimen.  The  name  Hycena  sivalensis , if  ever  given  at  all  by 
Falconer  and  Cautley,  must  have  only  existed  in  manuscript  notes,  from  which 

1 “ Journ.  Asiat.  Soc.,  Beng.,”  vol.  IV,  p.  569,  pi.  XLVII,  figs  22-3. 

2 “ Pal.  Mem.”  vol.  I,  p.  XXI.  3 ibid.  p.  343.  4 Ibid.  pp>i  548-9. 
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the  descriptions  in  the  “ Palaeontological  Memoirs”  were  compiled;  and  as  it  is 
impossible  to  determine  to  how  many  of  the  British  Museum  specimens  it  was 
intended  to  apply,  it  seems  best,  as  far  as  Dr.  Falconer  is  concerned,  that  this  name 
should  be  dropped.  In  plate  XXV,  of  the  same  volume  of  the  “ Palaeontological 
Memoirs,”  one  of  the  Siwalik  hyaena  skulls  is  refigured  under  the  erroneous 
designation  of  Felis  cristata.  In  1880,  Mr.  P.  * N.  Bose,  now  of  the  Geological 
Survey  of  India,  described1  two  Siwalik  hyaena  skulls,  and  some  mandibles,  in  the 
collection  of  the  British  Museum,  and  assigned  them  to  distinct  species,  with  the 
names  of  II.  sivalensis , Falc.  and  Caut.,  and  Bose ; and  B.  felina , Bose.  In  a 
notice  of  that  paper  the  present  writer2  compared  these  descriptions  with  the  teeth 
of  three  Siwalik  hyaena  skulls  in  the  Indian  Museum,  and  came  to  the  conclusion 
that  certain  dental  characters,  mainly  relied  upon  by  Mr.  Bose,  were  not  of  them- 
selves of  sufficient  value  to  justify  specific  distinction ; the  five  specimens  were 
accordingly  provisionally  referred  to  II.  sivalensis , Falc.  and  Caut.  ; the  authenticity 
of  the  name  not  then  forming  a part  of  the  enquiry.  To  this  notice  Mr.  Bose 
replied,3  maintaining  his  original  views,  upon  which  the  present  writer  once  more 
advocated  his  own  opinion.4  The  views  of  Mr.  Bose  as  to  the  existence  of  two 
species  were  mainly  based  upon  the  minute  size  of  m.  1 in  one  species  (H.  felina ), 
and  its  large  size  in  the  other  fll.  sivalensisj  ; the  former  being  also  characterized 
by  the  absence  of  pru.  1.  The  present  writer  showed  that  in  the  former  character 
there  was  such  a gradual  transition  between  the  different  skulls  that  it  was  difficult 
to  see  how  they  were  to  be  referred  to  the  two  species  of  Mr.  Bose.5  Mr.  Bose, 
neglected  to  avail  himself  of  many  of  the  specimens  in  the  collection  of  the 
British  Museum,  which  if  carefully  described,  would  have  established  his  two 
species  beyond  all  possibility  of  cavil ; and  the  dental  characters  relied  upon  by  him 
in  his  distinction  of  II.  felina  are  not  the  most  important,  while  one  of  them  is 
inconstant. 

Now  that  an  opportunity  has  been  afforded  of  comparing  together' all  the  known 
remains  of  Siwalik  hyaenas,  contained  in  the  collections  of  the  British,  Indian,  and 
Dublin  Museums,  it  appears  that  they  indicate  the  existence  of  certainly  four,  and 
possibly  five  species  of  Siwalik  hyaenas;  for  two  of  which,  the  names  proposed 
by  Mr.  Bose  are  retained,  although  one  of  them  is  somewhat  objectionable.6 

It  might  at  first  sight  appear  extraordinary  that  so  many  species  of  hyaena 
should  have  formerly  existed  contemporaneously  in  India,  but  when  the  large  number 
of  species  of  Proboscidia  and  other  ungulate  forms  that  existed  at  the  same  time, 
is  recalled  to  memory,  it  is  perhaps  only  what  might  have  been  expected  to  find 
the  genera  of  the  Carnivora  equally  strongly  represented  in  species. 

i “ Quart.  Journ.  Geol.  Soc.,”  vol.  XXXVI,  p.  128,  et  seq.  2 “ Rec.  Geol.  Surv.  Ind.,”  vol.  XIV,  p.  62. 

3 Ih \jy  p.  266.  4 Ibid,  vol.  XV,  p.  28. 

5 It  is  unnecessary  to  refer  to  certain  mutual  misunderstandings  in  regard  to  the  identification  of  the  specimens. 

6 The  writer  now  regrets  that  he  published  criticisms  on  Mr.  Bose’s  work,  without  first  seeing  the  original  specimens  on 
which  it  was  based. 
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With  these  preliminary  observations  the  description  of  the  remains  of  H.  felina 
may  be  commenced. 

Type  cranium.— The,  cranium  on  the  evidence  of  which  the  species  II.  felina  was 
founded  by  Mr.  Bose,  is  in  the  British  Museum  (No.  15,902),  and  was  obtained 
from  the  Siwaliks  by  Mr.  W.  Ewer.  It  is  figured  (^)  in  plate  K,  figs,  1,  a,  b,  c,  of 
the  supplemental  plates  of  the  “Fauna  Antiqua  Sivalensis,”  where  as  mentioned, 
it  is  erroneously  named  Felis  cristata.  The  left  maxilla  is,  however,  wanting  in  all 
those  figures,  since  that  part  of  the  specimen  was  discovered  after  they  were  drawn. 
In  his  memoir,  Mr.  Bose  has  figured  the  complete  palate  of  this  specimen  (j), 
and  as  this  figure  is  excellent  and  easy  of  access,  it  has  been  thought  unnecessary 
to  repeat  it  here.  According  to  Mr.  Bose,  this  specimen  “ is  deficient  only  in 
the  zygomatic  arches,  and  evidently  belongs  to  an  aged  individual.  The  facial 
portion  has  suffered  a crush  anteriorly,  and  is  slightly  distorted  in  consequence. 
The  incisors  have  been  removed.  The  crown  of  the  canine  has  been  broken  off,  but 
its  base  shows  it  to  have  been  proportionately  stronger  than  the  corresponding 
tooth  of  Hyaena  [sic]  ; this,  however,  may  be  an  individual  variation.  There  is 
no  indication  whatever , of  the  presence  of  premolar  1,  which  is  so  constant  in  all 
known  species  of  Hycena,  living  or  fossil ; and  the  canine  is . separated  by  a short 
diastema  from  premolar  2 (first  of  the  molar  series  in  the  fossil).  This  tooth  is  two- 
fanged  and  resembles  the  corresponding  tooth  of  Ilycena  in  its  dimensions,  as  may 
be  judged  by  its  base,  the  crown  being  broken  off.  The  second  false  molar 
too  (pm.  3)  is  in  form  and  size  hyaenoid.  The  sectorial  [jcarnassial]  is  pro- 
portionately larger  than  in  the  living  Indian  Hyaena,  and  is  provided  with  a very 
strong  and  stout  internal  tubercle.  The  alveolus  of  the  tubercular  molar  [m-J-], 
preserved  on  the  right  side,  is  situated  as  in  the  Felidce , and  shows  that  tooth  to 
have  been  transverse  and  exceedingly  small , thus  differing  from  II.  striata  and  II. 
sivalensis.  The  sagittal  crest  is  very  prominent  and  quite  Hyaena-like,  gently 
sloping  on  the  sides ; but  the  occipital  crest  is  proportionately  higher  than  in  any 
other  species  of  Ilycena.  The  specific  name  given  to  the  fossil  is  based  on  the 
approach  it  makes  to  feline  organization,  especially  in  the  entire  absence  of 
premolar  1 from  the  upper  jaw.” 

The  lateral  crush  to  which  the  specimen  has  been  subjected,  renders  it  difficult 
to  form  an  exact  estimate  of  the  proper  width  of  the  hinder  part  of  the  palate ; 
and  the  same  crush  lias  caused  the  profile  of  the  face  (“  F.A.S.”  pi.  K,  fig.  1,  b)  to 
be  nearly  straight,  in  place  of  concave.  The  whole  form  of  the  skull  and 
dentition  shows  that  the  specimen  belonged  to  a true  and  typical  hyaena,  and 
Mr.  Bose  might  have  spared  himself  the  pains  of  comparing  its  m.  1 with  that  of 
the  Felidce , with  which  it  presents  not  the  slightest  affinity : the  form  of  the 
alveolus  shows,  indeed,  that  the  complete  tooth  must  have  been  like  the  corresponding 
tooth  of  H.  crocuta,  although  not  quite  so  minute  as  in  some  individuals  of  that 
species.  It  agreed  with  the  latter,  and  thereby  differed  from  the  corresponding  tooth 
of  all  other  hyaenas,  except  II.  perrieri , in  being  either  uni—  or  bi — in  place  of 
tricuspid. 
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In  general  form  this  skull  is  very  like  tliat  of  II.  crocuta,  but  is  distinguished  by 
the  more  backward  prolongation  of  the  occipital  crest  behind  the  condyles 
(“  F.A.S.,”  pi.  K,  fig.  16),  and  the  more  regular  triangle  formed  by  the  boundaries 
of  the  occipital  surface  : in  both  of  which  respects  it  shows  affinity  to  H.  striata.1 

The  cheek-teeth  are  very  much  worn,  indicating  the  extreme  age  of  the  animal ; 
and  have  also  been  much  battered  about : it  appears,  however,  that  there  is  no 
large  anterior  talon  to  pm.  3,  and  the  crown  of  the  carnassial  in  relatively  low, 
with  the  inner  tubercle  proportionately  large : this  tooth  is,  however,  long  in 
proportion  to  the  earlier  premolars,  and  the  position  of  the  summit  of  the  middle 
lobe  f to  ell  shown  in  Mr.  Bose’s  figurej  indicates  that  the  hindmost  lobe  was  relatively 
large,  as  in  If.  crocuta.  The  diminutive  size  of  m.  1 allies  the  skull  more  closely 
to  the  last-named  species  than  to  any  other  ; and  taking  into  account  the  constancy 
of  the  size  of  this  tooth  in  the  latter,  which  according  to  Professor  Busk  never 
exceeds  02  or  0-21  in  its  transverse  diameter,  it  is  probable  that  the  minuteness  of 
this  tooth  should  be  considered  characteristic  of  the  fossil.  With  regard  to  the 
absence  of  pm.  1,  which  will  however,  be  shown  to  be  present  in  another  specimen, 
it  has  been  mentioned  that  there  is  one  instance  of  the  absence  of  this  tooth  in 
II.  eximia,  but  in  that  case,  the  canine  is  not  approximated  to  pm.  2,  as  in  the 
specimen  under  consideration,  and  it  may,  therefore,  be  considered  probable  that 
the  approximation  of  pm.  2 and  the  canine  is  another  characteristic  of  the  species 
under  consideration.  The  dimensions  of  this  skull  will  be  given  after  describing  the 
next  specimen. 

Dublin  cranium. — In  the  accompanying  woodcut ' (fig.  13)  two  views  are  given 
of  the  cranium  described  by  Sir  W.  E.  Baker,  already  referred  to,  and  now  in 
the  Museum  of  Science  and  Art,  Dublin.2  The  specimen  is  described  “ as  the 
most  perfect  fossil  we  have  yet  been  so  fortunate  as  to  meet  with.  It  appears  to 
have  been  enclosed  in  the  stratum  with  the  lower  jaw  in  position  but  not  quite 
closed.  The  only  injuries  which  it  has  sustained  are  the  loss  of  its  left  zygomatic 
arch,  a slight  displacement  of  the  [same]  half  of  the  lower  jaw,  of  which  the 
canine  tooth  is  broken  off  near  its  base,  and  the  mutilation  of  the  occiput,  which  is 
perhaps  the  greatest  loss  of  all. 

“ The  skull  must  have  belonged  to  a full-sized  animal,  as  some  of  the  molars 
are  worn  flat  on  the  tops  ; it  is  smaller  than  Cuviers’  fossil  Hysena  [11.  crocuta],  and 
somewhat  different,  though  having  a much  near  resemblance  to  it  than  to  the 
existing  hysena  of  the  country  \_II.  striata].”  Since  this  description  was  written 
the  specimen  has  suffered  the  loss  of  the  right  zygoma,  and  of  the  left  upper 
carnassial ; but  it  is  otherwise  in  very  good  preservation,  and,  with  the  above- 
mentioned  exceptions,  exhibits  the  whole  of  the  dentition,  although  only  the  outer 
surface  of  most  of  the  teeth  are  visible,  and  m.  1 is  totally  concealed.  In  the 


1 See  Busk.  “ Zool.' Trans.”  op.  ci/.,  p.  7S. 

2 This  was  one  of  the  specimens  purchased  hy  the  Museum  from  Dr.  Beatty  ; it  is  numbered,  42. 
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following  table,  its  dimensions  are  compared  with  those  of  the  type  skull  of  IT  felina 
and  of  skulls  of  IT.  crocuta,  and  IT.  striata.  The  fossil  skull  of  IT.  crocuta  is  a 
specimen  in  the  British  Museum  (No.  28,577) ; the  recent  in  the  Royal  College  of 
Surgeons  (No.  523).  The  skull  of  IT.  striata  is  an  unusually  large  specimen  in  the 


Fig  13.  Hycena,  felina,  Bose.  Cranium  from  the  Siwaliks : Science  and  Art  Museum,  Dublin.  A.,  oblique  view  of 
right  side,  ^ ; B.,  front  view,  §. 

writer’s  possession.  The  numbers  in  brackets  are  means  taken  from  the  tables 
accompanying  Professor  Busk’s  memoir  in  the  “ Journal  of  the  Linnean  Society,” 
already  quoted. 


Width  of  palate  at  pm.  4 
„ „ „ 3 . 

,,  ,,  behind  canine 

,,  , , at  ,, 

Interval  between  posterior  border  of  palate  and 
anterior  border  of  incisive  alveoli 
Interval  between  inferior  border  of  foramen 
magnum  and  the  same 
Interval  between  postorbital  process  of  frontal 
and  the  same 
Ditto  between  same  and  posterior  border  of 
occipital  condyle 
Space  occupied  by  incisors 
Interval  between  canines 

,,  ,,  hinder  border  of  pm.  4 anc 

canine 

Length  of  3 last  premolars 
„ 4 

Interval  between  canine  and  pm.  2 
Length  of  pm.  1 


Transverse  diameter  of  m.  1 
Antero-posterior  diameter  of  canine  . 
,,  ,,  incisor  3 


Type 
4-3  (?) 
3-9  (?) 


1 *65 

3-14 

2-82 

0-24 

0-67 

0- 85 

1- 37 
0-22  (?) 
0-75 


3-4 

2-8 

■ (3-33) 

0-55 

0-25  (0-3) 
0-6  (0-67) 
0-88  (0  94) 
1 48  (1-46) 
0-2  (0*2) 
0-75  (0-76) 
0-51  (0-52) 


2-87 

2.55 

2-79  (2-71) 

0-42 

0- 29  (0-23) 

0 68  (0-62) 

0-88  (0-8) 

1- 2  (1-17) 

0-58  (0-5) 

0-68  (0.61) 

0-41  (0-39) 
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These  dimensions  show  that  while  the  Dublin  skull  is  about  one  inch  longer 
than  the  type  of  H.  felina , its  dimensions  are  proportionately  almost  precisely 
the  same,  and  as  the  two  skulls  agree  in  general  form  and  characters,  it  is  practically 
certain  that  they  belong  to  the  same  species  ; — a conclusion  which  will  be  confirmed 
by  the  characters  of  the  teeth  and  mandible  : it  is  probable  that  the  smaller  skull 
should  be  regarded  as  that  of  a female,  and  the  larger  as  that  of  a male.  The 
dimensions  show  that  the  proportions  of  the  fossil  skulls  are  very  similar  to  those 
of  II.  crocuta  ; the  fossil  race  of  the  latter  being  rather  larger  than  the  Dublin  skull : 
the  dimensions  of  II.  striata  differ  considerably. 

With  regard  to  the  dentition  of  the  Dublin  skull,  it  will  be  seen  from  the 
figure  that  this  differs  from  the  type  specimen  by  the  presence  of  pm.  I ; the  two 
agree,  however,  in  the  smallness  of  the  interval  between  the  canine  and  pm.  2. 
The  latter  tooth  has  a large  hind  talon,  and  a smaller  fore  talon.  In  pm.  3 
there  is  also  a large  hind  talon  and  a smaller  fore  talon ; and  the  crown  of  the 
tooth  is  set  obliquely  to  the  axis  of  the  molar  alveoli.  In  pm.  4 the  hind  lobe  is 
larger  than  either  of  the  others ; the  respective  lengths  being,  fore  lobe  0‘38, 
middle  0-45,  hind  06.  In  this  respect  the  tooth  agrees  with  Hi  crocuta , but  the 
first  lobe  is  relatively ' longer,  the  corresponding  dimensions  in  a tooth1  of  the  fossil 
race  of  that  species  measuring  1-6,  being  038,  058,  and  0-8. 

Maxilla. — In  figures  2,  and  2a,  of  plate  XXXV,  A,  of  the  present  volume,  there 
is  represented  a part  of  the  right  maxilla  of  a Siwalik  hyaena2,  in  the  British 
Museum  (No.  37,138),  showing  the  last  premolars  ; the  summits  of  the  first  and 
second  lobes  of  pm.  4 have  been  broken  away,  and  the  summit  of  pm.  3 is  some- 
what abraded  by  wear,  showing  that  the  specimen  belonged  to  a fully  adult 
individual.  At  the  hinder  end  of  the  carnassial,  there  may  be  seen  in  the  bone 
(though  this  could  not  be  displayed  in  the  figure)  the  fang,  or  fangs,  of  a minute 
m.  1.  A comparison  of  this  specimen  with  the  Dublin  skull,  has  shown  that  the 
two  agree  so  closely  in  size  and  general  form  that  there  is  every  'probability  that 
they  may  be  referred  to  the  same  species.  The  condition  of  the  teeth  of  the 
isolated  maxilla  allows  of  a more  complete  examination  than  in  either  of  the  two 
skulls.  In  the  following  table  the  dimension^  of  the  teeth  of  the  two  latter  are 
compared  with  those  of  the  specimen  under  consideration. 

No.  37,138.  Dublin  specimen.  Type. 

Length  of  3 last  premolars  . . 3-18  3 '04  2 -82 

,,  pm.  2 . . 0'76  0 72  0'67 

,,  ,,  3 . . 0-94  0-86  0-85 

,,  ,,  4 . . 1-55  1-5  1'37 

It  will  be  seen  that  the  teeth  of  the  detached  maxilla  are  slightly  larger  than 
those  of  the  Dublin  skull.  The  carnassial  of  the  former  agrees  with  that  of  the 
latter,  in  being  a modification  of  the  crocutine  type  ; having  a larger  fore  lobe  and 
a lower  crown  than  in  11.  crocuta , but  a similarly  large  tubercle,  extending  as 

1 A specimen  from  the  Forest-bed  figured  by  Mr.  E.  T.  Newton  in  ‘ Geol.  Mag.,’  1883,  pi.  X. 

2 This  specimen  is  figured  in  plate  L (letter),  figs.  8,  8a,  of  the  “Fauna  Antiqua  Sivalensis,”  from  which  pi.  XXXV, 
A is  copied  ; the  figures  being  reversed. 
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far  forwards  as  the  blade, — a character  of  II,  crocuta , as  distinguished  from  E. 
striata  and  II.  brunnea.  Pm.  3 has  likewise  a relatively  low  crown,  and  a markedly 
convex  external  vertical  contour : it  is  set  obliquely  to  the  molar  alveoli,  with  its 
hinder  end  obliquely  truncated,  and  has  a well-marked  hind  talon,  and  an  in- 
distinct fore  one1  ; there  is  a fairly  distinct  vertical  ridge  at  the  hinder  border  of 
the  crown,  but  none  anteriorly : and  no  trace  of  a cingulum  on  the  outer  surface, 
and  no  distinct  one  internally.  Pm.  2 is  a long  narrow  tooth,  with  small  but 
distinct  fore-and-aft  talons ; the  latter  being  considerably  the  larger  of  the  two. 
It  is  impossible  to  say  whether  pm,  1 existed  in  this  specimen. 

Characters  of  upper  cheek-teeth. — In  regard  to  its  upper  cheek-teeth,  it  may  be 
affirmed  of  the  species  to  which  the  foregoing  specimens  belonged,  that  it  differed 
both  from  H.  striata , and  E.  brunnea , in  having  the  3rd  lobe  of  pm.  4 relatively 
large ; and  in  the  small  size  of  m.  1;  It  also  differed  from  the  former  by  the 
smaller  development  of  the  talons  of  pm.  2 and  pm.  3 ; and  from  both  by  the  less 
oblique  position  of  these  teeth,  and  the  absence  in  them  of  a distinct  cingulum. 
There  is,  therefore,  apart  from  the  cranial  differences,  no  doubt  that  this  form  is 
specifically  distinct  from  either  of  the  others. 

The  teeth  agree  more  nearly  with  those  of  E.  crocuta  in  respect  of  the  form 
of  pm.  4 and  m.  1 ; but  are  distinguished  by  the  less  specialized  character  of  the 
former,  and  by  the  crown  of  pm.  3 being  relatively  lower,  and  its  excess  in  height 
over  pm.  2 less  marked  ; its  hind  talon  is  also  relatively  larger : pm.  2 is  both  longer 
and  narrower : while  the  long  axes  of  these  teeth  are  continuous,  in  place  of  forming 
a well-marked  angle  at  their  junction.2  Pm.  3 is  further  distinguished  by  being  set 
somewhat  obliquely  to  the  molar  alveoli ; and  by  the  absence  of  a ridge  at  its 
antero-internal  angle,  which  is  more  or  less  distinctly  marked  in  E.  crocuta. 
Further  comparisons  will  be  instituted  after  the  description  of  the  mandible. 

Third  upper  incisor. — -In  figure  3,  of  plate  XXXV,  there  is  represented  the 
third  left  incisor  of  a large  liysena,  obtained  by  Mr.  Theobald,  from  the  Siwaliks  of 
Asnot,  not  improbably  belonging  to  the  present  species.  The  antero-posterior 
diameter  of  the  base  of  the  crown  is  0*66 ; or  somewhat  larger  than  that  of  the 
corresponding  tooth  of  the  Dublin  cranium.  All  the  other  Siwalik  hyaenas  have 
smaller  incisors.  The  cingulum  on  the  inner  side  of  the  specimen  is  very  slightly 
developed. 

Mandible  of  Dublin  specimen. — In  the  Dublin  specimen  (woodcut  fig.  13)  the 
mandible  is  fairly  complete,  and  of  the  normal  hyaenine  form.  As  in  all  the 
existing  species,  pm.  1 is  absent,  but  the  interval  between  the  canine  and  pm72  is, 
as  in  the  upper  jaw,  relatively  small.  Regarding  the  other  teeth,  pm.  2 has  a 
minute  fore3  and  a large  hind  talon  ; pmTh  has  no  distinct  fore,  but  a large  hind 
talon  ; while  in  pm.  4 there  are  both  large  fore-and-aft  talons,  the  latter  being  the 

1 The  talons  in  the  Dublin  skull  appear  slightly  more  developed  than  in  the  present  specimen.  This  character  is,  how- 
ever, exaggerated  in  the  figure,  owing  to  the  former  being  viewed  obliquely,  and  the  latter  directly  from  the  outer  side. 

2 See  De  Blainville  “ Osteographie,”  Genus  Hyaena,  pi.  Ill  (palate  of  JI.  crocuta). 

3 The  obliquity  of  the  figure  causes  this  talon  to  appear  much  larger  than  it  really  is. 
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larger.  The  carnassial  (m.  l)  has  a relatively  small  hind  talon,  as  in  H.  crocuta,  hut 
its  inner  surface  is  not  exposed.  The  dimensions  of  this  specimen  will  he  given 
below. 

Indian  Museum  mandible. — In  figures  1,  of  plates  XXXVIII.,  XXXIX.,  of  this 
volume,  there  are  given  two  views  of  the  left  ramus  of  the  mandible  of  a large  liysena 
collected  by  Mr.  Theobald  in  the  topmost  Siwaliks  of  the  J amu  district,  and  now  in 
the  Indian  Museum  (No.  D,  102).  This  specimen  belonged  to  an  adolescent  animal, 
the  permanent  canine  ( c ) not  being  fully  protruded.  In  respect  of  form  and  dentition, 
this  specimen  agrees  with  the  Dublin  mandible,  with  the  exception  of  being 
somewhat  larger  ; but  this  character  cannot  be  regarded  as  more  than  an  individual 
variation.  It  has  the  same  general  proportions  as  a fossil  jaw  of  II.  crocuta  figured 
by  Prof.  Graudry,1  but  is  distinguished  by  the  depth  of  the  horizontal  ramus 
being  more  uniform  throughout  its  length,  in  place  of  being  considerably  greater 
behind  the  carnassial  than  below  the  premolars : m.  1 is  almost  indistinguishable  from 
the  corresponding  tooth  of  the  spotted  hyaena ; the  inner  cusp  being  absent,  and  the 
talon  relatively  small.  ' Tm.  4 is  nearly  as  large  as  m.  1,  and  has  large  fore-and-aft 
talons.  In  pm.  3 there  is  a large  hind,  but  no  fore  talon ; but  there  is  a slight  trace 
of  the  latter  in  pm.  2 : pm.  1 is  absent.  Owing  to  the  incomplete  protrusion  of  the 
canine,  it  is  difficult  to  precisely  estimate  the  exact  length  of  the  ‘ diastema,’  but 
this  appears  to  have  been  relatively  small.  The  dimensions  of  this  specimen  will  be 
given  below. 

British  Museum  mandible. — In  his  description  of  II.  felina , Mr.  Bose  did  not  refer 
any  mandible  to  that  species.  There  is,  however,  in  the  British  Museum,  the 
greater  part  of  a mandible  (No.  16,565),  represented  in  figures  2,  2a,  of  plate 
XXXIX.,  of  the  present  volume,2  which  in  respect  of  size,  of  the  condition  of  the 
wear  of  the  teeth,  and  its  state  of  petrifaction  agrees  so  closely  with  the  type  skull 
of  H.  felina , that  there  is  every  probability  that  the  two  belonged  to  the  same 
species,  and  a very  strong  one  that  they  belonged  to  the  same  individual.  At  least 
the  former  probability  is  converted  into  a certainty  by  the  fact  that,  except  as  re- 
gards its  somewhat  smaller  size,  this  specimen  agrees  in  every  respect  with  the  two 
mandibles  described  above.  It  belongs  to  the  right  side  of  the  jaw,  and  shows  the 
whole  of  the  hinder  part  of  the  ramus,  with  the  three  last  teeth — all  much  worn  and 
battered : it  is  fractured  in  front  of  pm.  3,  the  fracture  having  involved  a part  of 
that  tooth,  and  extending  interiorly  backwards  as  far  as  the  middle  of  pm.  4.  Even 
in  its  present  battered  condition,  the  specimen  shows  that  mTT  was  a relatively  large 
tooth,  having  a small  hind  talon,  and  no  inner  cusp.  The ‘Other  teeth  are  too  much 
damaged  for  exact  description,  but  the  side  view  shows  that  pm.  4 had  well-developed 
fore-and-aft  talons. 

In  the  following  table  the  dimensions  of  the  three  mandibles  described  above 
are  compared  with  those  of  the  three  existing  species  of  hysena ; the  latter  being 

1 “Materiaux  pour  l’Histoire  des  Temps  Quaternaires,”  Paris  (in  course  of  publication)  pi.  IV,  fig.  8. 

2 Also  in  figs.  1,  la,  of  plate  M of  tli.o  “ P.A.S.” 
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the  means  given  by  Professor  Busk  in  the  memoir  already  quoted. 


H.  felina. 

H. 

crocuta. 

H.  brunnea. 

H.  striata. 
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These  dimensions  indicate  tha.t  the  mandible  in  the  Indian  Museum  belonged 
to  an  animal  larger  than  the  pleistocene  race  of  H.  crocuta ; while  the  British 
Museum  specimen  indicates ' an  animal  of  about  the  mean  size  of  the  living 
race  of  that  species.  The  premolars  of  the  fossil  are  larger  in  proportion  to  m.  1 
than  in  H.  crocuta. 

Regarding  the  affinities  indicated  by  the  lower  cheek-teeth  of  this  Siwalik 
hyaena  it  has  been  shown  that  m.  1 is  essentially  crocutine,  and,  therefore,  perfectly 
distinct  from  the  corresponding  tooth  of  H.  striata  and  II.  brunnea.  The  premolars 
have  a considerable  general  resemblance  to  those  of  II.  crocuta , but  are  distinguished 
by  their  relatively  lower  crowns,  and  the  more  marked  ridges  at  their  fore-and-aft 
borders,  this  character  being  most  noticeable  in  the  anterior  ridges  ; they  are  also, 
as  mentioned,  larger  in  proportion  to  m.  1 ; while  the  hind  talon  of  pm.  3 and  the 
anterior  talon  of  pm.  4 are  relatively  larger  ; and  pm.  2 is  altogether  relatively  longer. 

Other  specimens. — In  figures  5,  5a,  of  plate  M.  of  the  “ F.A.S.,”  there  is 
represented  part  of  the  left  ramus  of  the  mandible  of  a Siwalik  hyaena  in  the  British 
Museum  (No.  39,731),  apparently  agreeing  in  all  essential  characters  with  the  specimens 
described  above1 : it  shows  the  base  of  the  canine,  the  second  and  third  premolars, 
the  base  of  the.  fourth  tooth  of  the  same  series,  and  nb  1 . The  latter  is  of  the 
crocutine  type,  and  the  premolars  appear  to  agree  with  those  of  the  jaws  described 
above ; the  squared  form  of  pm.  3 is  well  shown  in  this  specimen. 

In  figure  3 of  plate  XXXIX.  of  the  present  volume  there  is  represented  the 
dental  aspect  of  a fragmentary  mandible  of  a Siwalik  hyaena,  formerly  in  the 
collection  of  the  Asiatic  Society  of  Bengal,  and  now  in  the  Indian  Museum  (No.  D. 
50).  In  the  catalogue  of  the  society’s  fossil  collection  by  Drs.  Falconer  and  Walker2 
it  bears  the  number  S.  849,  and  is  described  as  “ a fragment  of  lower  jaw,  right  side, 
containing  the  four  molars  in  situ  : teeth  larger  than  in  the  existing  [?  Indian]  Hyaena, 
but  a good  deal  concealed  by  matrix.”  The  teeth  have  now  been  cleared  of  matrix, 

1 This  specimen,  together  with  the  one  (B.  M.  No.  37,140),  represented  in  figures  7.  7a,  of  the  same  plate,  is  referred 
hy  Mr.  Bose  (‘  Quart.  Journ.  Geol.  Soc.,’  op.  cit.,  p.  128),  to  his  Bycena  sivalensis  : it  will,  however,  he  shown  in  the  sequel 
that  the  mandible  of  that  species  is  of  quite  a distinct  type. 

2 p.  189  ; see  also  “Palaeontological  Memoirs,’’  vol.  I.,  p.  343. 
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and  consist  of  pm.  3,  pm.  4,  and  m.  1,  the  talon  of  tlie  latter  being  still  concealed  by 
matrix  : the  base  of  pm.  2 is  also  shown.  In  the  following  table  the  dimensions  of 
this  and  the  last  specimen  are  compared  with  those  of  the  three  typical  mandibles  of 


I 

m 

Length  of  series  of  cheek-teeth  . . . . 3T 

,,  ,,  pm.  2 0-59 

Width  ,,,,,, 0-36 

Length  ,,  ,,  3 0"75 

Width  „ „ „ 0-54 

Length ,,  ,,  4 

Width  „ „ „ 

„ m.  1 1-04 

Depth  at  ,, 1’56 

Interval  between  canine  and  pm.  2 ....  0-39 

The  gradations  in  these  measurements  are  such  that  no  distinctions  on  this  score 
can  be  drawn  between  any  of  the  specimens.  In  D.  50  pm.  4 is  relatively 
narrower,  and  the  cingulum  on  the  inner  side  of  the  hind  talon  more  marked  than 
in  D.  102.  The  squared  form  of  pm.,3  is  very  constant  in  all  the  specimens  in 
which  it  can  be  well  observed  ; and  it  seems  advisable  to  provisionally  refer  all  the 
five  specimens  to  the  same  species,  although  there  may  be  some  doubt  with  respect 
to  D.  50. 

The  specimen  of  an  immature  mandible  of  a Siwalik  hysena  represented  in 
figures  7,  7a  of  plate  M.  of  the  u F.A.S.”  (B.  M.  No.  37, 140), 1 and  also  the  specimen 
of  a distal  extremity  of  a mandible  represented  in  figures  3,  3a  of  the  same  plate 
(B.  M.  No.  16,584),  may  not  improbably  be  referred  to  the  present  species. 

Distinctness  and  affinities. — Summing  up  the  results  of  the  foregoing  descriptions 
and  comparisons  it  will  be  apparent  that  H.  felina  is  more  nearly  allied  to  17.  crocuta 
than  to  either  of  the  other  existing  hysenas ; but  is  readily  distinguished  by  the 
different  form  and  position  of  the  upper  premolars,  the  larger  size  of  pm.  4 and  its 
talons,  the  form  of  the  occiput,  the  occasional  absence  of  pm.  1,  and  the 
approximation  of  the  canine  and  pm.  2.  In  those  points  in  which  it  differs  from 
II.  crocuta  it  makes  a step  in  the  direction  of  the  less  specialized  II.  brunnea  and  II. 
striata  ; from  both  of  which  it  is,  however,  in  most  respects  widely  different. 

With  regard  to  the  extinct  species  mentioned  in  the  list  on  pp.  276-7,  if  the 
small  size  of  m.  1 be  constant  in  II.  felina , the  only  species  (besides  II.  crocuta ) with 
which  it  could  be  closely  allied  would  be  R.  perrieri , which  is  probably  the  same  as 
II.  crocuta , and,  therefore,  differs  from  If.  felina  in  the  same  points  as  the  latter.  If, 
however,  the  small  size  of  m.  1 be  not  constant  in  H.  felina , that  species  might  be 


0-62 

0-42 

0-75 

0-54 

0-82 

0- 50 

1- 01 
1-73 


0-78 

0-54 

103 

0‘65 


0- 76 

1- 22 


l This  specimen  has  been  referred  io  the  Fdidcc  ; see  “ Palieontological  Memoirs,”  vol.  I.,  p.  549. 
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allied  to  II,  eximia  and  H.  brevirostris.  From  the  former,  and  probably  also  from 
the  latter,  it  is  broadly  distinguished  by  the  large  size  of  the  inner  tubercle  of  pm.  4 ; 
the  absence  of  an  outer  cingulum  to  pm.  3 and  m.  1 ; the  larger  size  of  the  anterior 
talon  of  pm.  4 ; and  the  absence  of  pm.  1.  H.  groeca  is  sufficiently  distinguished  by 
the  presence  of  pm.  1 and  m.  2,  and  the  large  size  of  m.  1. 

The  third  upper  premolar  of  H.  antiqua,  of  the  Red  Crag,  is  said  to  indicate 
relationship  to  II.  striata ; and  the  former  species  is,  therefore,  unlikely  to  be  allied 
to  II  fclina. 

With  regard  to  II.  sinensis / described  upon  the  evidence  of  specimens  of  the 
third  upper  and  lower  premolars,  obtained  from  a cave  in  the  province  of  Sechuen 
(Sez-chuen),  N.W.  China,  it  appears  from  a comparison  of  the  specimens  in  the 
British  Museum,  that  pm.  3 is  practically  indistinguishable  from  the  corresponding 
tooth  of  II.  felina  represented  in  tigs.  2,  2a  of  plate  XXXVA.  of  this  volume,  except 
in  its  slightly  larger  size.  The  lower  tooth  is  also  almost  precisely  similar  to  pm.  3 
of  the  mandible  of  II.  felina  represented  in  figure  1 of  plate  XXXVIII.  According 
to  Prof.  Owen’s  description  the  Chinese  upper  tooth  differs  from  pm  3 of  H.  crocuta 
by  its  slightly  smaller  size,  its  relatively  lower  crown,  the  greater  convexity  of  its 
external  vertical  contour,  and  the  larger  size  of  its  hind  talon.  Of  the  lower 
premolar  it  is  observed  by  Prof.  Owen  that  u the  crown  is  broader  both  antero- 
posteriorly  and  transversely,  but  is  lower  vertically  than  in  H.  crocuta ; it  is 
consequently  a stronger  cone:  its  qualities  for  cracking  and  crushing  bone  are 
intensified.  The  ridge  continued  upward  from  the  anterior  basal  talon  is  stronger 
than  in  II  crocuta  ; it  is  more  completely  an  upward  production  of  the  talon  itself  ; 
and  this  is  less  defined  as  an  anterior  tubercle  than  in  22.  striatal 

It  will  be  observed  from  these  comparisons  that  the  points  in  which  the  so-called 
H.  sinensis  differs  from  II.  crocuta  are  precisely  those  in  which  72.  felina  differs  from 
the  same.  Professor  Owen  also  compares  the  Chinese  teeth  with  those  of  the 
Siwalik  hysenas  in  the  British  Museum,  which  he  alludes  to  as  H.  sivalensis  ; though 
under  that  name  were  doubtless  included  both  the  teeth  of  H.  felina  and  those  of 
the  next  species.  H.  sinensis  is  said  to  be  smaller  than  the  Siwalik  form  ; but  its 
Pm-3  more  nearly  resembles  the  corresponding  tooth  of  the  latter  than  that  of 
22.  crocuta'.  the  lower  Chinese  tooth  is  said  to  be  more  convex  internally  than  the 
corresponding  tooth  of  the  Siwalik  hyaena ; but  it  is  not  more  so  than  in  the  large 
Indian  Museum  mandible  of  H.  felina.  The  third  premolar  of  that  specimen  is 
absolutely  larger  than  the  corresponding  tooth  of  E.  sinensis , so  that  any  specific 
distinctions  on  the  ground  of  size  may  be  disregarded.  The  resemblance  of  the 
Chinese  teeth  to  those  of  II.  felina  is  so  close  that  in  the  writer’s  opinion  it  is  highly 
probable  that  they  are  specifically  the  same : in  which  case  Prof.  Owen’s  name  has 
the  priority  over  that  given  by  Mr.  Bose.  From  the  number  of  species  of  Siwalik 
hysenas,  it  may,  however,  be  doubted  whether  the  characters  derived  from  single 

i ‘ Quart.  Journ.  Geol.  Soc.,’  vol.  XXVI.,  p.  422,  pi.  XXVIII.,  figs.  5-7.  In  the  explanation  of  the  plate  the 
description  of  figures  o and  6 should  he  reversed. 
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teeth  are  sufficient  for  specific  determination ; while  even  if  H.  felina  and  II.  sinensis 
are  really  the  same  it  seems  doubtful  if  the  former  name  ought  to  stand,  as  in  that 
case  it  should  never  have  been  separated  from  II.  sivalensis  in  the  sense  in  which  it 
was  employed  by  Prof.  Owen. 

It  appears,  therefore,  that  the  species  of  hyaena  distinguished  by  Mr.  Bose 
under  the  name  of  li.  felina  cannot  be  identified  with  any  other  species,  with  the 
possible  exception  of  H.  sinensis  ; and  as  it  seems  hazardous  to  identify  the  two,  the 
former  may  receive  a separate  name.  The  name  applied  by  Mr.  Bose,  as  indicative 
of  affinity  with  the  cats,  of  which  there  is  not  the  slightest  trace  (unless  the  occasional 
suppression  of  pm.  1 , as  in  II.  eximia , could  be  so  interpreted1)  is  a misleading  and 
therefore  objectionable  one,  but  as  the  substitution  of  a fresh  one  would  probably 
only  entail  confusion,  it  seems  better  to  retain  the  name  of  II.  felina. 

It  should  be  observed  that  the  Chinese  teeth  are  said  to  have  been  obtained  in 
company  with  teeth  of  Elephas  ( Stegodon  orientalis , Owen—?  S.  bombifrons),  Tapirus , ' 
Chalicotherium , and  Rhinoceros , and  are  considered  by  Prof.  Owen  to  be  probably  of 
upper  pliocene,  or  pleistocene,  age.  The  existence  of  Siwalik  strata  in  China  is 
probably  indicated  by  the  occurrence  of  Elephas  (rf.)  clifti(S.  sinensis,  Owen)  “in 
marty  beds  near  Shanghai,”  and  by  the  discovery  of  nlammaliferous  beds,  and  the 
lower  molar  of  Elephas  ( S. ) insignis , by  Herr  von  Loczy  in  the  province  of  Kansu  on 
the  upper  Hwangho  river ; while  the  occurrence  of  Siwalik  and  Narbada  elephants 
in  Japan  indicates  the  extension  of  the  same  strata  to  that  country.  If  the  Chinese 
cave  hysena  be  the  same  as  one  of  the  Siwalik  species,  it  would  seem  probable  that 
the  cavern  deposits  of  Sechuen,  lying  between  the  Siwaliks  of  the  Irawadi  in  Burma 
and  those  of  Kansu,  may  also  belong  to  the  Siwalik  epoch : the  less  complete 
degree  of  mineralization  of  the  Sechuen  fossils  perhaps  being  accounted  for  by  the 
different  conditions  under  which  they  have  been  preserved.2  It  is,  however,  highly 
probable  that  both  the  Chinese  and  Japanese  deposits  contain  representatives  of 
the  Narbadas,  as  well  as  of  the  Siwaliks. 

The  occurrence  of  a species  of  hysena  in  the  Siwaliks  of  India,  showing 
considerable  affinity  to  a species  so  prevalent  in  Europe  in  the  pleistocene  period, 
and  now  living  in  South  Africa,  and  presenting  no  well-marked  affinity  to  the  other 
group  of  existing  hy senas,  one  of  which  is  now  found  in  India  and  the  adjacent 
countries,  is  a very  remarkable  fact ; and  one  pointing  to  the  conclusion  that  Asia, 
rather  than  Africa,  should  probably  be  regarded  as  the  original  home  of  the  hyaenas. 

Eistribution. — Remains  of.  H.  felina  have  been  found  throughout  the  sub- 
Himalayan  Siwaliks,  from  the  Ganges  valley  to  the  Punjab.  The  mandible  from 

1 Even  if  this  tooth  were  invariably  absent,  there  would  he  no  indication  of  feline  affinity.  The  hyaenas  and  the  cats 
must  probably  he  regarded  as  divergent  branches  of  a common  stock,  in  which  the" fullest  dentition,  known  in  any  member 
of  these  two  groups  must  have  been  present.  The  suppression  of  a tooth  in  one  of  the  hyaenas  can  only,  therefore,  he 
regarded  as  a specialization  in  a line  jjarallel  to  that  of  the  cats.  The  presence  of  a tooth  above  the  normal  number  in  the 
latter  group  might  be  regarded  as  indicative  of  affinity  with  the  hyaenas,  or  rather  with  the  common  stock  of  the  hyaenas  and 
the  cats. 

2 See  a paper  by  the  .writer  on  the  Siwaliks  of  China  and  Japan  in  1 Rec.  Geol.  Surv.  Ind.,’  vol.  XVI.,  p.  158 : the 
elephant  tooth  mentioned  as  not  improbably  belonging  to  E.  (S.)  clijti  appears  to  he  E.  [S.)  in&ignis. 


SIWALIK  AND  NARBADA  CARNIVORA. 


113—290 


the  Jamu  hills  may  possibly  be  of  pleistocene  age.  Either  this  or  a closely  allied 
form  also  occurred  in  the  pliocene,  or  pleistocene,  of  China  ; and  it  would  be  a matter 
of  extreme  interest  to  obtain  remains  of  liysenas  from  the  Siwaliks  of  Burma,  as  the 
country  lying  between  India  and  China,  since  if  the  present  species  occurred  there  it 
would  render  it  more  probable  that  it  might  be  specifically  the  same  as  the  Chinese  form. 

Species  2 : Hytena  colvini,  n.  sp.,  nobis. 

Syn.  Hycena  sivalensis , Falc.  and  Caut.,  in  parte. 

Bistory. — This  species  is  mentioned  here  for  the  first  time,  the  specimens  on 
which  it  is  founded . having  either  been  referred  simply  to  the  genus  Hycena,  or  to 
H.  sivalensis  of  Falconer  and  Cautley. 

Cranium. — In  figure  2 of  plate  XXXV.  of  the  present  volume  there  is  represented 
the  skull  of  a Siwalik  hyaena,  formerly  in  the  collection  of  the  Asiatic  Society  of 
Bengal,  and  now  in  the  Indian  Museum  (No.  D.  47).  In  the  catalogue  of  the 
former  collection  by  Drs.  Falconer  and  Walker1  it  bears  the  number  S.  848  ; and  is 
simply  referred  to  the  genus  Hycena,  being  described  as  “ fragment  of  cranium  a good 
deal  crushed,  and  mutilated  behind  the  orbits,  showing  all  the  teeth  on  the  right 
side,  except  the  small  premolar ; the  teeth  are  considerably  larger  than  those  of  the 
existing  Indian  Bycena.  On  the  left  side  canine  seen  in  section.”  The  specimen 
was  presented  by  Col.  Colvin,  and  is  numbered  600  in  the  list  of  fossils  given  on 
page  184  of  the  Vth  volume  of  the  “Journal  of  the  Asiatic  Society  of  Bengal.” 
In  its  present  condition  it  shows  on  the  right  side  the  base  of  m. 1 ; pm.  4,  with  the 
summit  of  the  middle  lobe  broken  off,  and  showing  a considerable  degree  of  wear  in 
the  first  and  third  lobes  ; the  third  premolar  (pm.  3),  also  abraded  at  its  summit ; the 
base  of  pm.  2 ; the  alveolus  of  the  canine  (c),  filled  with  matrix  ; and  the  bases  of 
the  three  incisors.  On  the  opposite  side  there  are  the  bases  of  the  corresponding 
teeth  as  far  back  as  pm.  2.  No  trace  of  pm.  1 is  to  be  seen  on  either  side,  and  pm.  2 is 
in  proximity  to  the  canine.  In  the  figure  the  teeth  of  the  left  side  have  been 
restored.  The  worn  condition  of  the  cheek-teeth  shows  that  the  skull  belonged  to  a 
fully  adult  animal.  In  the  following  table  its  dimensions  are  compared  with  those 
of  the  type  skull  of  H.  felina , and  of  recent  skulls  of  H.  crocuta  and  II.  striata ;2 : — 


H.  felina. 

Specimen. 

H.  crocuta.  H. 

striata. 

Width  of  palate  at  pm.  4 . 

. 4-3  (?) 

3-553 

4-15 

3-5 

Interval  between  posterior  border  of  palate 

and 

anterior  border  of  incisive  alveoli 

\ 4-7 

4-52 

4-9 

4-74 

Interval  between  molar  alveoli  and  orbit 

.'  1-79 

119 

Space  occupied  by  incisors  .... 

1-75 

1-36 

1-5  (1-49) 

1-23  (1-27) 

Interval  between  canines  .... 

1-55 

1-18 

1-2 

,,  ,,  hinder  border  of  pm.  4 and  canine  3-14 

30 

3-4 

2-87. 

,,  ,,  canine  and  pm.  2 

0-24 

0-21 

0-55 

0-42 

,,  ,,  m.  1 and  middle  line  of  palate 

1-65 

0-96 

1-55 

0-85 

Length  of  pm.  2 

0-61 

0-6  (0-67) 

0-68  (0-62) 

„ „ „ 3 

0-85 

0-85 

0-88  (0-94) 

0-88  (0-8) 

,,,,,,  4 

1-5 

1-48  (1-46) 

1-2  (1-27) 

Transverse  diameter  of  m.  1 

0-22  (?) 

0-59 

0-2  (0-2) 

0-58  (0-5) 

Antero -posterior  diameter  of  third  incisor 

0 49 

0-41 

. 189.  See  also  “ Palaeontological  Memoirs,”  vol. 

I.,  p.  343. 

2 The  numbers  in  brackets  indicate  means. 

3 Estimated  by  taking  twice  tbe  width  of  the  right  side. 
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These  dimensions  show  that  while  the  length  of  the  palate  of  the  specimen 
under  consideration  is  nearly  the  same  as  in  II.  felina,  its  width  is  considerably  less ; 
as  is  well  shown  by  the  interval  between  the  canines  and  the  space  occupied  by  the 
incisors.  In  the  following  table  the  dimensions  of  pm.  4 are  compared  with  those  of 
the  maxilla  (a)  and  the  Dublin  (b)  skull  of  II.  felina , and  also  with  the  above-mentioned 
tooth  of  II.  crocuta  from  the  F orest-bed  : — 

H.  felina.  Specimen.  H.  crocuta. 


Total  length  . 
Width  across  tubercle 
Length  of  first  lobe 
,,  ,,  second  lobe 

,,  ,,  third  lobe 


1-55 

0-86 


0-38 

0-45 


0-38 

0-58 


It  is  thus  shown  that  this  tooth  is  relatively  larger  than  in  II.  felina , and  has  its  middle 
lobe  more  developed;  although  considerably  narrower  across  the  tubercle.  In  respect 
of  its  larger  middle  lobe  it  is  more  like  pm.  4 of  II.  crocuta , but  is  still  distinguished 
by  its  smaller  third  lobe : its  tubercle  is  considerably  smaller  than  in  that  species. 
As  in  both  II.  felina  and  II.  crocuta , the  tubercle  extends  as  far  forwards  as  the  blade. 
The  length  of  this  tooth  exceeds  the  united  length  of  the  two  preceding  teeth  ; the 
reverse  condition  prevailing  in  II.  felina.  The  true  molar  (m,  1)  is  of  the  elongated 
striatine  type,  and  thereby  differs  markedly  from  the  corresponding  tooth  of  II. 
felina.  Pm.  3 is  a characteristic  tooth,  perfectly  distinct  from  the  corresponding  tooth 
of  the  latter : it  is  set  very  obliquely  to  the  line  of  the  molar  alveoli,  and  has  only  a 
minute  hind  talon,  continued  to  the  summit  of  the  crown  as  a sharp  ridge ; while  a 
similar  ridge  occupies  the  antero-internal  side  of  the  crown,  the  base  of  which 
probably  represents  an  anterior  talon,  placed  internally,  instead  of  at  the  anterior 
border.  Between  these  two  ridges  there  was  originally  a distinct  cingulum  on  the 
inner  side,  which  unfortunately  broke  away  before  the  specimen  was  figured.  The 
vertical  ridges  and  the  cingulum  enclose  a flattish  triangular  space  on  the  inner  side, 
which  may  conveniently  be  termed  the  ( triangle.’  This  tooth  is  relatively  shorter 
antero-posteriorly,  and  taller  vertically  than  in  II.  felina  and  II.  sinensis ; while  its 
hind  talon  is  smaller,  and  its  ‘ triangle  ’ totally  wanting  in  the  other  forms,  which 
also  lack  the  large  inner  cingulum.  The  external  convexity  is  as  well-marked  in  all. 
It  is  also  smaller  in  proportion  to  pm.  4 than  in  II.  felina , as  may  be  seen  by  a 
comparison  of  the  measurements ; and  is  totally  different  from  the  corresponding 
tooth  of  II.  striata  ; though  somewhat  more  like  that  of  II.  brunnea,  which,  however, 
has  larger  talons,  and  a less  distinct  1 triangle,’  with  a more  convex  inner  surface, 
and  a lower  crown.  The  corresponding  tooth  of  It.  crocuta  has  a similar  tall  crown, 
and  a more  or  less  distinct  ‘ triangle,’  though  the  distinctness  of  this  varies 
considerably  in  different  individuals,1  and  is  never  quite  so  well-marked  as  in  the 
Siwalik  fossil.  The  hind  talon  of  pm.  3 is  moreover  considerably  smaller  in  the  fossil 
than  in  II.  crocuta ; but  in  general  contour  the  teeth  of  the  two  forms  have  a very 

1 In  two  fine  recent  skulls  in  the  Royal  College  of  Surgeons  (Nos.  523,  524)  the  ‘ triangle  ’ is  much  more  distinctly 
marked  in  the  former  (a  specimen  collected  by  Gordon  Gumming)  than  in  the  lattei . 
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marked  resemblance,  though  they  are  broadly  distinguished  by  the  one  being  set 
obliquely  and  the  other  parallel  to  the  molar  alveoli ; as  well  as  by  the  squared 
hinder  end  of  this  tooth  in  II.  crocuta.  The  profile  of  this  skull  is  very  similar  to 
that  of  H.  felina. 

Second  specimen. — In  figures  1 of  plates  XXXV.,  XXXVI.,  there  are  given  two 
views  of  another  cranium  of  a Siwalik  hyaena,  also  formerly  in  the  collection  of  the 
Asiatic  Society  of  Bengal,  and  now  in  the  Indian  Museum : it  was  presented  by  Col. 
Colvin  and  bears  the  number  S.  847  in  Drs.  Falconer  and  Walker’s  catalogue  of  the 
Society’s  collection,  where  it  is  alluded  to1  as  u cranium,  nearly  entire,  deficient  only 
in  the  right  zygomatic  arch,  and  in  the  basal  part  of  occiput,  but  covered  with 
matrix,  and  the  teeth  so  mutilated  that  only  the  second  premolar  is  distinctly  seen  ; 
the  incisors  and  canines  in  situ , but  broken  off.”  It  has  now  been  cleaned  from 
matrix,  and  exhibits2  the  six  incisors  (i)  with  their  summits  broken  off ; the  bases  of 
the  canines  (c),  which  are  not  fully  protruded,  and,  therefore,  indicate  that  the  skull 
belonged  to  an  adolescent  animal ; the  complete  pm.  2 of  the  left  side,  which  by  its 
proximity  to  the  canine,  indicates  the  absence  of  pm.  1 ; the  base  of  the  right  pm.  3 • 
the  alveoli  of  the  carnassials  (pm.  4),  filled  with  matrix ; and  the  complete  m.  1 of 
either  side.  In  the  following  table  the  dimensions  of  this  specimen  are  compared 
with  those  of  the  last : — 


First  specimen. 


Width,  of  palate  at  pm.  4 . , . . 3*55 

Interval  between  posterior  border  of  palatines  and  anterior  border  of  incisive  alveoli  4-52 

,,  ,,  post-orbital  process  of  frontal  and  same  .....  4-35 

,,  ,,  hinder  border  of  carnassial  and  hinder  border  of  canine  . . 3'0 

Space  occupied  by  incisors  . . . I- 36 

Length  of  pm.  2 0-61 

„ „ „ 3 0-85 

„ „ „ 4 . 1-5 

Transverse  diameter  ofm.l 059 

Antero-posterior  diameter  of  third  incisor 0-49 

Interval  between  m.  1 and  middle  line  of  palate 0-96 


Second  specimen. 

3- 54 

4- 55 
4-75 
2-9 
1-46 
0-67 

0- 85 

1- 45  (?) 

. (left)  (right) 
0-48  0-45 

0-52 
0-99 


These  measurements  show  that  the  skull  under  consideration  agrees  with  the 
first  specimen  in  the  width  and  length  of  the  palate,  in  the  spaces  occupied  by  the 
cheek-teeth  and  the  incisors,  and,  approximately,  in  the  size  of  the  former : it  also 
agrees  in  the  width  between  the  true  molars  and  the  median  line  of  the  palate,  and 
in  the  absence  of  pm.  1 ; as  well  as  in  the  oblique  position  of  pm.  2 and  pm.  3.  It 
differs,  however,  slightly  from  the  first  specimen  by  the  greater  length  of  the  interval 
between  the  post-orbital  process  of  the  frontal  and  the  incisive  border,  but  this 
cannot  be  considered  'more  than  an  individual  variation.  The  most  important 
difference  between  the  two  skulls  is  the  smaller  size  of  m.  1 in  the  second  specimen ; 
— a difference  so  great  that  it  was  originally  considered  as  indicating  a complete 
transition  from  II.  felina  to  H.  sivalensis  of  Mr.  Bose  ; the  great  differences  between 


2 See  “Palaeontological  Memoirs,”  vol.  I.,  p.  343. 

3 In  tbe  palatal  view,  owing  to  the  imperfection  of  the  occiput,  the  specimen  is  only  drawn  as  far  back  as  the  post- 
glenoid process. 
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the  other  teeth  of  those  forms  and  of  the  present  skulls  not  being'  then  known. 
With  regard  to  the  difference  in  the  size  of  m.  1 in  the  two  specimens,  it  will  be 
noticed  that  the  transverse  diameter  of  this  tooth  on  the  left  side  of  the  second 
specimen  is  0'48,  while  in  the  first  it  is  OB  ; .giving  a difference  of  0T1.  The 
extremes  in  the  size  of  the  corresponding  tooth  in  II.  striata1  are  0'49  and  0*58,  or  a 
difference  of  0*09  ; indicating  that  the  difference  in  the  two  specimens  under 
consideration  need  not  indicate  more  than  individual  variation.  The  true  molar  of 
the  second  specimen  is  readily  distinguished  from  the  corresponding  tooth  of  the 
type  of  H.  felina  (in  which  alone  this  tooth  is  visible),  by  being  provided  with  three 
distinct  roots  (in  place  of  one  or  two),  as  in  U.  striata ; the  largest  of  which  is  placed 
on  the  inner  side,  and  is  totally  wanting  in  H.  crocuta  and  H. felina.  Again,  the 
true  molar  of  the  skull  under  consideration  is  placed  with  its  inner  border  at  the 
same  distance  from  the  median  line  of  the  palate,  as  in  the  first  specimen,  and  is  not 
squeezed  close  up  to  the  carnassial  as  in  II.  felina.  The  carnassial  of  the  second 
specimen  may  have  been  slightly  smaller  than  that  of  the  first  specimen.  The 
second  premolar  ( 'compare  pi.  XXXV.,  fig.  1,  with  pi.  XXXVA.,  fig.  2)  differs  from 
the  corresponding  tooth  of  H.  felina  by  its  more  oblique  position,  its  shorter  and 
broader  crown,  and  by  the  presence  of  a well-marked  cingulum  on  the  inner  side  of 
the  posterior  extremity.  It  closely  resembles  the  corresponding  tooth  of  E.  crocuta , 
but  is  more  obliquely  placed.  The  incisors  both  in  this  and  the  first  skull  are  smaller 
than  those  of  H.  felina  ; the  third  of  the  series  being  distinguished  from  the  detached 
specimen  referred  to  that  species  by  the  presence  of  a conspicuous  inner  cingulum. 
The  profile  of  the  skull  under  consideration  has  not  attained  its  adult  form. 

Maxillce. — In  figures  1,  la,  and  3,  3a,  of  plate  XXXVA.  there  are  represented 
two  specimens  of  detached  left  maxillae  of  Siwalik  hyaenas,2  in  the  British  Museum, 
the  teeth  of  which  agree  so  nearly  with  those  of  the  first  skull  described  above  as 
probably  to  be  within  the  limits  of  individual  variation.  The  former  specimen 
(No.  37,139)  shows  pm.  3 and  pm.  4 ; m.  1 having  probably  been  broken  away:  the 
carnassial  in  this  specimen  is  unusually  long,  and  exhibits  the  crocutine  characters 
of  a long  third  lobe,  and  the  forward  position  of  the  tubercle : the  third  lobe  is  as 
long  as  in  an  equal-sized  tooth  of  II.  crocuta , but  the  middle  lobe  is  smaller,  and  the 
width  across  the  tubercle  less.  The  ridges  of  pm.  3 are  more  approximated  than  in 
the  type  skull,  but  this  character  appears  somewhat  exaggerated  in  the  figure,  owing 
to  the  more  outward  inclination  of  the  tooth,  probably  due  to  crush  : the  inner 
cingulum  is  well  displayed.3  In  the  second  specimen  (No.  37,140)  mj.  is  present, 
and  is  a transversely  elongated  tooth,  as  in  the  type  skull.  The  third  lobe  of  pm.  4 
is  relatively  smaller  than  in  H.  crocuta  ; and  its  tubercle  is  placed  well  forward ; the 

1 Taken  from  Mr.  Busk’s  tallies  and  the  specimen  of  which  the  dimensions  are  given  above. 

2 These  figures  have  been  copied  (but  reversed)  from  supplemental  plate  L.,  figs.  7,  7a,  and  8,  8a,  of  the  “Fauna 
Antiqua  Sivalensis.” 

3 The  want  of  this  cingulum  through  fracture  in  the  type  skull  also  tends  to  make  the  vertical  ridges  appear  abnormally 
far  apart. 
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extremity  of  the  blade  is,  however,  somewhat  in  advance,  but  the  hinder  end  of 
pmTb  is  enclosed  in  the  angle  between  the  blade  and  tubercle,  as  in  II.  crocuta,  and  is 
not  entirely  in  advance  as  in  II.  striata.  The  third  premolar  has  the  large  inner 
cingulum,  the  high,  crown,  and  the  small  hind  talon,  characteristic  of  the  present 
form  ; but  the  vertical  ridges  are  placed  farther  apart  than  in  the  last  specimen, 
being  more  like  those  of  the  type  skull.  The  true  molar  in  this  specimen  in 
respect  of  size  is  intermediate  between  the  same  tooth  in  the  two  skulls  described 
above,  and  is  placed  close  to  the  carnassial.  The  specimen  may  be  provisionally 
referred  to  the  same  species  as  the  skulls.1  The  dimensions  of  the  two  specimens 
described  above  are  as  follows,  viz. : — 

No.  37,139.  No.  37,140. 

Length  of  pm.  3 0-85  0’8o 

Height  ,,,,,, . . . 0-88 

Interval  between  vertical  ridges  of  ditto  . . . . . O' 58  O' 65 

Length  of  pm.  4 l'G5  1-5 

Height  of  hind  lobe  of  ditto 0 '68 

In  figure  4 of  plate  XXXV.  there  is  represented  the  left  maxilla  of  a Siwalik 
hyaena,  collected  by  Mr.  Theobald  in  the  Punjab  : it  shows  pm  3,  and  pm  4 (the 
latter  somewhat  damaged),  and  m.  1.  The  first  of  these  teeth2  is  almost  identical 
with  the  corresponding  tooth  of  the  specimen  represented  in  plate  XXXVA.,  fig.  1 : 
the  carnassial  is,  however,  as  short  as  in  the  skull  represented  in  plate  XXXV.,  fig.  1, 
with  its  second  and  third  lobes  relatively  small : its  tubercle  being  broken  makes  its 
blade  appear  to  extend  considerably  in  advance  of  that  former  part,  although  it  really 
does  so  about  as  much  as  in  the  specimen  represented  in  plate  XXXVA.,  fig.  3 : the 
tubercle  seems  partly  aborted.  The  true  molar  is  of  the  same  length  as  in  the  skull 
represented  in  plate  XXXV.,  fig.  1,  but  is  considerably  narrower  antero-posteriorly  ; 
and  approximated  to  pm.  4 it  is  inserted  by  three  roots  and  in  position  is  like  the 
corresponding  tooth  of  the  specimen  represented  in  plate  XXXVA.,  fig.  3.  It  is 
probable  that  the  antero-posterior  shortening  of  m,  1 in  this  specimen  must  only  be 
regarded  as  another  variation:  its  transverse  diameter  is  045,  and  the  antero- 
posterior 0T9. 

In  the  Dublin  Museum  there  is  among  the  Siwalik  fossils  purchased  from  Dr. 
Beattie  (No.  41)  part  of  the  left  maxilla  of  a hysena,  with  the  last  three  cheek-teeth. 
From  the  teeth  of  this  specimen  being  precisely  similar  to  those  of  the  skull  represented 
in  plate  XXXV.,  fig.  2,  and  from  the  shape  of  the  fragment,  it  is  believed  that  it  is  the 
missing  part  of  that  skull,  which  has  been  restored  in  the  figure. 

In  plate  XXXV.,  fig.  5,  there  is  given  the  outer  view  of  a left  upper  carnassial 
of  a Siwalik  hysena,  collected  by  Mr.  Theobald  in  the  Kangra  district,  now  in  the 
Indian  Museum.  The  specimen  belonged  to  a fragment  of  the  maxilla  of  a young 

1 Pm.  3 appears  set  somewhat  less  obliquely  than  in  the  type  skull,  but  this  is  mainly,  if  not  entirely,  due  to  the  slightly 
different  position  of  the  specimens. 

2 This  tooth  in  the  specimen  is  viewed  more  from  the  outer  side  than  in  any  of  the  other  specimens  ; the  crushing  to 
which  the  specimens  have  been  subjected  have  thrown  the  teeth  out  of  their  proper  inclination,  so  that  it  is  impossible  to 
figure  them  all  in  the  same  position. 

c 2 
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individual,  in  which  the  milk-teeth  were  present,  but  had  lost  their  crowns : the 
figured  tooth  was  ‘ developed  ’ by  chiselling  away  the  wall  of  the  jaw.  Internally 
to  pm.  4 there  is  the  base  of  a transversely  elongated  m 1 ; and  as  the  former  tooth 
shows  the  high  crown  and  large  middle  and  hind  lobes  characteristic  of  the  specimens 
described  above,  it  is  probable  that  the  specimen  should  be  referred  to  the  same 
species  as  the  latter.  It  is  also  probable  that  a right  upper  carnassial  of  a Siwalik 
hyaena  in  the  British  Museum  (No.  15,413),  represented  in  figures  9,  9a  of  plate  L. 
of  the  supplemental  plates  of  the  “ F.A.S.,”  belongs  to  the  same  species. 

Mandible.— hi  figure  3 of  plate  XXXVIII.,  and  in  figure  4 of  plate  XXXIX.  of 
this  volume,  there  are  given  two  views  of  the  hinder  part  of  the  left  ramus  of  the 
mandible  of  a Siwalik  hyaena,  formerly  in  the  collection  of  the  Asiatic  Society  of 
Bengal,  to  which  it  was  presented  by  Col.  Colvin,  and  now  in  the  Indian  Museum 
(No.  D.  51).  The  specimen  is  numbered  602  in  the  list  of  Siwalik  fossils  given  by 
Messrs.  Baker  and  Durand,1  and  is  entered  as  Hyaena.  In  Dr.  Falconer  and  Walker’s 
Catalogue  of  the  Vertebrate  Fossils  of  the  Society2  it  bears  the  number  S.  851,  and 
is  described  as  “Feline, — Fragment  of  horizontal  ramus,  lower  jaw,  right  side, 
containing  the  two  last  molars  in  situ : would  be  about  the  size  of  Fells  cristata, 
F.  and  C.”  The  specimen,  as  mentioned  by  Dr.  Falconer,  shows  pm.  4 and  mTl ; 
the  summit  of  the  main  lobe  of  the  former  having  been  broken  off,  but  the  latter 
perfect  and  somewhat  worn ; the  condition  of  the  teeth  indicates  that  the  specimen 
belonged  to  an  adult  animal.  The  mandible  below  the  two  teeth  is  quite  perfect. 
The  form  of  the  teeth,  and  especially  the  conspicuous  talon  of  mTT,  leaves  no  doubt 
that  the  specimen  belongs  to  a species  of  Hyaena.  The  carnassial  is  a large  tooth, 
with  a relatively  small  talon,  and  no  vestige  of  a cusp  on  the  inner  side,  but  with  a 
cingulum  on  part  of  the  outer  surface  of  the  anterior  lobe : it  is  essentially  crocutine 
in  form,  and  very  like  the  corresponding  tooth  of  H.  felina , but  distinguished  by  the 
slightly  larger  talon,  and  the  external  cingulum.  Pm.  4 has  a small  anterior,  and  a 
large  posterior  talon  : comparing  it  with  the  corresponding  tooth  of  the  large  jaw  of 
the  latter  species  represented  in  figures  1 of  plates  XXXVIII.,  XXXIX.,  it  will  be 
found  that  this  tooth  differs  by  its  proportionately  smaller  size,  smaller  anterior 
talon,  and  in  that  its  anterior  vertical  ridge,  instead  of  being  on  the  same  line  as  the 
hinder  ridge,  is  placed  considerably  to  the  inner  side.  It  will  be  shown  below  that 
the  jaw  is  relatively  less  deep  than  in  II.  felina. 

In  the  Dublin  Museum  there  is  among  the  Siwalik  fossils  (No.  39)  the  nearly 
complete  left  ramus  of  a hyaena,  showing  the  whole  dentition  in  an  early  stage  of 
wear ; pm.  4 alone  being  somewhat  broken.  In  that  specimen  m.  1 and  pm.  4 are 
precisely  similar  to  the  corresponding  teeth  of  the  last  specimen ; pm.  3 has  no 
anterior  talon.  The  crowns  of  pm.  3 and  pm.  4 are  relatively  higher  than  in  H . felina , 
and  characterized  by  the  convexity  of  their  external  vertical  contour.  The  interval 
between  the  canine  and  pm.  2 is  remarkably  small ; pm.  1 being  absent,  as  in  all  the 
existing  species.  The  jaw  is  relatively  slender. 

l ‘ Journ.  As.  Soc.  Beng.,’  vol.  V.,  p.  184.  2 Page  189  ; see  also  “Palaeontological  Memoirs,”  vol.  I.,  p.  343. 
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The  accompanying  woodcut  (fig.  14)  shows  two  views  of  another  hyaena’s 
ml  pm.  4 pm.  3 mandible,  in  the  British 

Museum,1  showing  a con- 
siderable part  of  the  hori- 
zontal ramus  of  the  right 
side,  with  pm.  3,  pm.  4,  and 
m.  1.  This  specimen  is 
similar  to  the  two  last,  and 
belonged  to  the  same 
species  : the  cingulum  is, 
however,  developed  along 
nearly  the  whole  of  the 
outer  side  of  m.  1.  The 
anterior  vertical  ridge  of 
pmT3  is  less  strongly  de- 
veloped than  in  H.  felina. 
A second  very  similar  speci- 
men in  the  British  Museum 
(No.  16,526),  exhibits  the  canine  and  the  last  three  premolars,  and  is  figured  in 
supplemental  plate  L,  figure  9,  of  the  “ F.A.S.” 

In  the  following  table  the  dimensions  of  the  four  specimens  mentioned  above 
are  compared  with  those  of  the  five  mandibles  referred  to  II.  felina. 


Fig.  14.  Hycena  colvini,  nobis.  Part  of  right  ramus  of  a mandible, 
from  the  Siwaliks ; in  the  British  Museum  (No.  16,578).  From  the 
external  and  superior  aspects. 


Present  species. 


Hyaena  felina. 


o'  I s‘  s'  sf  o a : . ^ 

I 1$  I I I I I t | 1 1 

I I 1 I 3 I I I 


Length  of  series  of  cheek-teeth 


Depth 

Interval 


3 


0- 91 

1- 12 


0-58 

0-76 

0-84 


3-18 

0,62 

0-75 

0-82 


3-18 

0-65 

0-85 

0-92 


0- 78 

1- 03 


1-04 

1-56 

0-39 


It  will  be  seen  from  these  dimensions  that  in  the  specimens  under  consideration 
m.  i is  longer  in  proportion  to  pm.  4,  than  in  II.  felina ; the  differences  in  three 
specimens  of  the  former  being  respectively  0-30,  0-29,  and  T21  ; and  in  four  of  the 
latter  0T9,  0T5,  0T3,  and  0T2  ; giving  means  of  2-66,  and  T47.  Similarly  in  the 
former  the  jaw  is  relatively  less  deep  than  in  the  latter ; the  respective  means  being 
T3  and  T72.  The  diastema  is  also  smaller  in  the  specimens  under  consideration. 
These  mean  differences,  coupled  with  the  differences  in  the  form  of  the  earlier 
premolars,  and  the  presence  of  the  cingulum  to  m.  1 in  the  specimens  under 
consideration,  leave  little  doubt  that  the  latter  are  specifically  distinct  from  the 

i Also  figured  in  supplemental  plate  L,  figs.  8,  8a,  of  the  “ F.A.S.” 
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mandibles  referred  to  II.  felina.  The  crocutine  type  of  the  carnassial  renders  it 
pretty  certain  that  the  former  mandibles  should  be  referred  to  a species  in  which  the 
upper  carnassial  was  also  of  the  crocutine  type  : in  this  respect,  therefore,  they 
might  well  belong  to  the  same  species  as  the  skulls  and  upper  jaws  described  above. 
The  more  slender  form  of  the  mandibles,  the  smaller  size  of  the  diastema,  the 
relatively  larger  m.  1,  and  above  all  the  internal  position  of  the  anterior  vertical 
ridge  of  pm.  4,  and  the  relatively  taller  crowns  of  this  and  the  preceding  tooth,  are, 
moreover,  all  characters  in  which  the  lower  jaws  of  the  skulls  described  above  would 
be  expected  to  differ  from  those  of  E.  felina ; and  there  is,  accordingly,  every 
probability  that  the  mandibles  under  consideration  belong  to  the  same  species  as  the 
skulls  and  upper  jaws. 

Comparisons. — Assuming  all  these  remains  to  be  rightly  associated,  the  species 
to  which  they  belong  will  be  characterized  by  having  its  skull  and  mandible 
somewhat  more  slender  than  those  of  II.  felina ; by  having  carnassials  more  nearly 
of  the  crocutine  type  ; by  the  upper  true  molar  being  tricuspidate,  and  transversely 
elongated,  though  varying  considerably  in  size  ; b}^  (as  far  as  is  known)  the  absence 
of  pm.  1,  and  the  smaller  length  of  the  diastema  in  both  jaws ; by  the  tall  curved 
crowns  of  the  conical  premolars,  the  inward  position  of  the  anterior  vertical  ridge 
in  pm.  3 and  pm74,  and  the  small  size  of  the  anterior  talon  of  the  latter.  The  species 
agrees  with  typical  hyaenas  in  the  absence  of  pm.  1 and  m.  2. 

The  distinctions  between  the  specimens  thus  grouped  together  from  the 
corresponding  parts  of  H.  felina  have  been  already  sufficiently  indicated  in  the 
course  of  the  foregoing  descriptions,  and  are  of  such  importance  as  apparently  to 
preclude  the  possibility  of  uniting  the  two  forms  under  one  species.  The  points 
distinguishing  the  specimens  under  consideration  from  II.  felina , will  have  the  same 
value  in  the  case  of  H.  sinensis. 

In  regard  to  its  dentition  generally,  the  present  species  makes  in  many  respects 
a very  strong  approach  to  H.  crocata , especially  in  the  characters  of  the  premolars 
and  carnassials:  it  is,  however,  distinguished  by  the  tricuspidate  character  and 
generally  larger  size  of  m.  1 ; the  absence  (as  far  as  is  known)  of  pm.  1 ; the  smaller 
size  of  the  diastema ; the  larger  talon  and  more  distinct  outer  cingulum  of  m.  1 ; 
and  the  generally  more  pronounced  character  of  the  inner  vertical  ridges  and 
‘ triangle  ’ of  pm.  3,  and  the  oblique  setting  of  this  and  the  preceding  tooth.  The 
third  lobe  of  pm.  4 is  generally  smaller,  and  the  width  across  the  tubercle  less,  but  in 
one  instance  the  third  lobe  is  as  long  as  in  H.  crocuta.  The  hind  talons  of  pm.  3 and 
pm.  4 are,  moreover,  relatively  smaller ; while  the  ridge  on  the  inner  side  of  the 
hind  talon  of  the  latter  tooth  is  less  developed,  and  does  not  extend  internally  to  the 
main  lobe.  The  skulls  of  the  two  also  differ  considerably,  the  Siwalik  specimens 
being  smaller  and  more  slender.  The  mandible  of  the  latter  is  also  more  slender 
and  straighter  interiorly,  lacking  the  great  increase  in  depth  below  m.  1,  which 
forms  such  a marked  feature  in  II.  crocuta. 

II.  antiqua  is  too  imperfectly  known  to  admit  of  accurate  comparisons.  Of  the 
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species  mentioned  in  the  list  on  pp.  276-7  not  already  alluded  to,  II.  perrieri , if 
distinct  from  H.  crocuta,  seems  to  approach  the  present  species  by  the  rather  larger 
size  of  ml  and  the  larger  talon  of  mTl : it  is,  however,  probable  that  in  other  points 
it  is  distinguished  by  the  same  characters  as  H.  crocuta.  II.  eximia  is  sufficiently 
distinguished  by  the  presence  of  pm.  1 and  the  small  size  of  the  inner  tubercle  of 
pm-  4 : and  it  is  probable  that  in  R.  brevirostris  similar  differences  prevail : the 
premolars  of  these  species  are  of  quite  a distinct  type  from  those  of  the  present 
species.  In  H.  grceca  both  pm.  1 and  mT2  'are  present,  and  the  talon  of  mTl  is 
relatively  large.  In  all  the  other  species  the  carnassials  are  of  quite  a distinct 
type  to  those  of  the  specimens  under  consideration.  As  it  will  be  shown  below  that 
these  specimens  are  totally  distinct  from  H.  sivalensis  of  Mr.  Bose,  and  as  they 
cannot  be  identified  with  any  other  sufficiently  described  species,  it  appears  that 
they  belong  to  a new  species,  for  which  the  name  H.  colvini  is  proposed,  in  honour 
of  Col.  Colvin,  the  discoverer  of  the  two  skulls  described  above,  and  numerous 
other  Siwalik  fossils. 

This  species  appears  entirely  to  do  away  with  the  generic  distinctness  of 
Crocuta , since  while  its  premolars  and  lower  carnassial  are  of  the  type  of  the  spotted 
hyaena,  (although  pm.  4 indicates  a tendency  to  a transition  from  the  crocutine  to  the 
striatine  type),  its  upper  true  molar,  in  its  different  variations,  forms  an  almost 
complete  transition  from  that  of  the  striped  to  that  of  the  spotted  species,  though 
generally  of  the  type  of  the  former.  Although  H.  colvini  is  in  these  respects 
intermediate  between  II.  felina  and  II.  crocuta  on  the  one  hand,  and  II.  striata  and 
II.  brunnea  on  the  other,  yet  if  the  absence  of  pm.  1 be  constant  (and  it  is  in  any 
case  very  frequent)  the  former  species  must  be  regarded  as  a highly  specialized 
member  of  the  genus,  and  cannot  have  been  the  direct  ancestor  of  any  of  the  living 
forms.  The  combined  evidence  of  this  species,  of  II.  crocuta , and  II.  felina  seems  to 
indicate  that  in  those  species  which  attained  a high  degree  of  specialization  in  the 
structure  of  their  carnassial  teeth — i.e.,  an  approach  in  the  structure  of  those  teeth 
to  the  homologous  teeth  of  the  modern  cats — the  concomitant  reduction  in  the  other 
teeth  which  usually  occurs  in  such  cases,  took  place  either  in  the  diminution  of  m.  15 
or  in  the  suppressson  of  pm.  1,  or  in  a combination  of  both  these  characters. 

Distribution. — The  present  species  ranged  from  the  region  of  the  typical  Siwalik 
Hills  to  the  Punjab. 

Species  3 : Hyaena  macrostoma,  n.  sp.  nobis. 

History. — The  name  of  this  species  is  mentioned  here  for  the  first  time. 

Cranium .■ — In  plate  XXXVII.  there  are  given  two  views  of  the  cranium  of  a 
Siwalik  hyaena  collected  by  Mr.  Theobald  at  Jabi,  Punjab  ; while  a reduced  profile 
view  of  the  same  specimen  is  given  in  fig.  2 of  the  preceding  plate.  The  specimen 
comprehends  the  whole  of  the  skull,  and  is  in  excellent  preservation.  It  has, 
however,  lost  both  zygomatic  arches,  the  occipital  condyles,  and  a part  of  the 
sagittal  crest.  The  incisors  and  canines  have  fallen  out  from  their  sockets,  and  the 
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crowns  of  all  the  cheek-teeth  have  been  hammered  off,  with  the  exception  of  the 
right  carnassial.  The  partially  worn  condition  of  the  latter  tooth,  and  the  large 
size  of  the  alveoli  of  the  canines,  shows  that  the  skull  belonged  to  an  adult  individual. 

In  order  to  show  the  distinctness  of  this  skull  from  either  of  the  preceding 
species  it  will  perhaps  be  simplest  to  commence  by  giving  its  dimensions,  which  are 
compared  below  with  those  of  H.  striata , his.: — 


Specimen 

Width  of  palate  at  pm.  4 3-7 

3 2-8 

,,  ,,  ,,  behind  canine  ............  1 *83 

„ at  „ 2-12 

Interval  between  posterior  border  of  palate  and  anterior  border  of  incisive  alveoli  . . 5-32 

,,  ,,  inferior  border  of  foramen  magnum  and  the  same 9-28 

Width  across  postorbital  processes  of  frontals 279 

,,  below  ,,  2-39 

Interval  between  postorbital  processes  of  frontal  and  anterior  incisive  border  . . . 5-75 

Space  occupied  by  incisors . 1*08 

Interval  between  canines . . . . 1-18 

,,  ,,  hinder  border  of  pm.  4 and  canine  . 3 -46 

,,  ,,  canine  and  pm.  2 06 

Length  of  pm.  1 0‘3 

,,  ,,  2 (alveolus) 0-63 

Width  ,,,,,,  „ 0-35 

Length  ,,  ,,  3 ,,  0-9 

Width  ,,,,,,  ,,  0-46 

Length  ,,  ,,  4 1-31 

Transverse  diameter  ofm.l 0-62 

Antero-posterior 0'3 

,,  ,,  ,,  ,,  canine 0-68 

,,  ,,  „ third  incisor 0-38 


3-5 

3- 22 
2-0 
2-14 

4- 74 
8-4 
307 
2-06 
4-9 

1- 23 
1-2 

2- 87 
0-42 
0-29 
0-55 
0-38 
0-76 

0- 48 

1- 2 
0-58 
0-26 
0-68 
0-41 


A comparison  of  these  dimensions  with  those  of  H.  felina  and  II.  colvini  given 
above1,  as  well  as  of  the  figures  of  the  specimen  under  consideration  with  those  of 
the  former,  will  leave  no  doubt  that  the  latter  is  specifically  distinct  from  both  : the 
most  marked  distinction  being  in  the  form  of  the  palate,  which  is  relatively  longer 
and  narrower.  Other  important  points  of  distinction  will  be  incidentally  alluded  to, 
but  the  differences  are  so  great  that  it  will  be  unnecessary  to  institute  a rigorous 
comparison  between  the  three  types  of  skull. 

Regarding  the  dentition  of  the  specimen,  it  will  be  seen  from  the  figures  that 
the  incisors  occupy  a much  smaller  space  than  in  either  of  the  preceding  species : the 
smallness  of  this  space  being  mainly  caused  by  the  reduced  size  of  the  third  incisor. 
In  these  respects  the  specimen  differs  from  all  other  species  of  the  genus.  The 
canines  are  relatively  large,  and  their  alveoli  project  unusually  outwards.  Pm.  1 is 
present,  and  separated  by  a considerable  interval  both  from  the  canine  and  pm.  2 • 
the  specimen  in  this  respect  being  apparently  quite  peculiar.  The  alveoli  of  the 
remaining  cheek-teeth  form  a nearly  straight  line;  the  marked  outward  bulge 
which  occurs  in  most  species  at  the  junction  of  pm. 3 and  pm.  4 being  absent; 
although  II.  eximia  comes  nearest  in  this  respect.  Although  the  crowns  of  pm.  2 and 


l pp.  822,  290. 
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pm.  3 are  wanting,  the  shape  of  their  alveoli  shows  that  these  teeth  were  remarkably 
long  and  narrow  ; no  other  species  of  the  genus  of  which  the  skull  is  known  having 
teeth  of  similar  proportions.  Pm.  4 is  preserved  in  a somewhat  damaged  condition  on 
the  right  side,  and  is  relatively  short;  with  the  proportions  of  the  corresponding  tooth 
of  II.  striata ; the  hind  lobe  not  being  relatively  as  large  as  in  H.  colvini  and  IT.  crocuta. 
M.  1 is  unusually  large ; agreeing  almost  exactly  in  size  with  the  corresponding 
tooth  of  II.  ( Hycenidis ) grceca.1 2 3 *  On  the  right  side  this  tooth  is  situated  almost 
entirely  behind  pm.  4 : — a peculiarity  known  only  in  this  and  the  next  species.  On 
the  opposite  side  the  homologous  tooth  is  also  placed  unusually  far  back. 

In  respect  of  all  the  dental  characters  indicated  above  (vis.,  the  elongated 
premolars,  the  long  interval  between  the  canine  and  pm.  2,  and  the  large  size  and 
backward  position  of  m.  1)  the  skull  under  consideration  makes  a marked  step  from 
typical  hyaenas  in  the  direction  of  Canis  and  the  Viverridce.  The  long  narrow  palate 
is  also  another  character  indicating  affinity  in  the  same  direction. 

The  form  of  the  posterior  free  border  of  the  palate  (pal.)  is  different  from  that 
of  any  other  species  of  hyaena  of  which  the  skull  is  known  ; in  all  of  which  this 
part  forms  a regular  U-shaped  notch.  In  the  present  specimen,  however,  the  centre 
of  this  part  forms  a straight  line,  at  either  extremity  of  which  the  lateral  borders  of 
the  posterior  nares  (partly  broken  in  the  specimen)  commence  nearly  at  right  angles, 
and  continue  with  a marked  inward  inclination  towards  the  pterygoids.  In  this 
respect  the  specimen  agrees  exactly  with  Canis2, ; and  if  a skull  of  that  genus  had 
m.  2 removed,  and  m.  1 reduced  in  size,  and  placed  internally  to  pm.  4,  it  would  be 
almost  impossible  to  distinguish  its  palate  from  that  of  the  present  specimen.  In 
Iditheriumf  the  form  of  this  part  is  as  in  Bycena  : in  Viverra  it  is  also  very  similar, 
the  lateral  borders  of  the  nares  running,  however,  antero-posteriorly  in  place  of 
inclining  inwards.  In  Cynodidis 4 the  free  border  of  the  palatines  and  the  form  of 
the  posterior  nares  appears  to  be  very  similar  to  that  obtaining  in  Canis  and  the 
fossil  under  consideration. 

The  other  parts  of  the  base  of  the  fossil  skull  do  not  present  any  very  striking 
features  : but,  as  in  other  hyaenas,  there  is  no  postglenoid  foramen.  On  its  superior 
aspect  the  skull  is  distinguished  from  all  other  hyaenas  by  the  small  development  of 
the  sagittal  crest  (see  plate  XXXVI.,  fig.  2) ; in  this  respect  nearly  resembling  the 
skull  of  an  immature  individual  of  a typical  hyaena  (ibid.,  fig.  I).5  The  profile  of 
the  sagittal  crest  is  markedly  convex ; — more  so  than  in  any  allied  genus.  The 
orbit  is  relatively  large  (the  vertical  diameter  in  the  fossil  and  II.  striata  being 
respectively  T5,  and  1*33  inches);  and  the  postorbital  processes  of  the  frontal  are 
small.  The  anterior  nasal  aperture  is  oval  and  relatively  large  ; and  the  nasals  are 
unusually  long,  their  respective  inner  diameters  in  the  fossil  and  II.  striata  being 

1 Gaudry,  “ Animaux  Fossiles  et  Geologie  de  l’Attique,”  pi.  XV.,  fig.  6. 

2 The  median  prominence  for  muscular  attachment  may  he  disregarded  : it  has  probably  been  broken  away  in  the  fossil. 

3 Gaudry,  op.  cit.,  pi.  VII.  4 Filhol,  “Phosphorites  du  Quercy,”  figs.  60,  63. 

5 Fig.  1 has  the  occipital  region  more  elevated  than  it  is  in  fig.  2. 
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2-43  and  D92  inches.  The  premaxillae,  as  in  existing  hyaenas,  do  not  reach  the 
frontals,  but  are  separated  by  a space  of  \ inch.  Apparently  a similar  condition 
prevails  in  lctitherium ,*  Cynodictis ,1 2  and  Canis.  The  proper  occipital  surface  is 
essentially  hyaenine. 

Mandible. — In  figure  4 of  plate  XXXVIII.,  and  in  figure  6 of  plate  XXXIX., 
there  are  given  two  views  of  the  anterior  part  of  the  left  ramus  of  a mandible  of  a 
hyaenoid' animal,  collected  by  Mr.  Theobald  in  the  Siwaliks  of  Jabi,  which  there  is 
every  reason  to  believe  belongs  to  the  same  species  as  the  skull  described  above. 
The  specimen  shows  anteriorly  the  broken  bases  of  two  incisors  (i) ; the  bases  of  the 
canine  (c),  of  pm.  1,  and  pmT2 ; the  nearly  complete  pm.  3 and  pmTi,  and  the  alveoli 
of  mTT  ; behind  which  it  is  broken  off.  Part  of  the  summit  of  pm.  4 has  been  carried 
away,  but  this  and  the  preceding  tooth  are  otherwise  nearly  perfect ; and  being 
considerably  worn  indicate  that  the  jaw  belonged  to  a fully  adult  animal.  The  two 
remaining  premolars  are  constructed  on  the  type  of  those  of  Hycena  ; but,  as  will  be 
seen  from  the  measurements  given  below,  are  considerably  longer  and  narrower  than 
those  of  any  existing  species  of  the  genus.  The  first  of  these  teeth  (pm.  3)  has  a minute 
anterior,  and  a large  posterior  talon ; while  in  pmT4  both  talons  are  large  : and  in  the 
latter  tooth  there  is  a well-marked  cingulum  on  the  inner  side  of  the  hind  talon, 
running  forwards  and  inwards,  as  in  II.  striata.  In  addition  to  the  elongated  form  of 
the  two  last  premolars,  the  presence  of  pm.  1 and  the  long  interval  between  the  canine 
and  pm.  2 distinguishes  this  specimen  from  the  mandibles  of  both  the  preceding 
Siwalik  species,  and  also  from  those  of  all  the  existing  species.  In  the  same 
characters  the  specimen  agrees  with  the  skull  described  above  ; while  in  addition 
to  this  there  is  the  circumstance,  as  will  be  seen  from  the  measurements  given 
below,  that  in  the  former  the  symphysis  is  unusually  narrow  (indicating  a narrow 
palate),  and  the  third  incisor  remarkably  small.  Since  it  will  be  shown  below  that 
this  form  of  jaw  is  different  from  that  of  H.  sivalensis,  it  may  be  taken  as  pretty 
certain  that  the  present  specimen  belongs  to  the  same  species  as  the  skull  described 
above. 

The  only  non-Indian  species  of  hyaena  in  which  pm.  1 is  normally  present  are 
II.  eximia , II.  brevirostris  (?),  H.  grceca , and  H.  cliceretis.  In  the  two  former3  the 
premolars  are  of  the  normal  hyaenine  type,  and  such  appears  also  to  have  been  the 
case  with  the  third4 ; in  the  fourth,5  however,  the  premolars  have  very  nearly  the 
same  proportions  as  those  of  the  present  specimen,  as  will  be  seen  in  the  subjoined 
table  of  measurements,  in  which  the  dimensions  of  the  latter  are  compared  with 
those  of  II.  cliceretis 6 and  H.  striata ,7  viz. : 


1 Gaudry,  op.  cit..  pi.  VII.,  fig.  3.  3 Gaudry,  op.  cit.,  pi.  XIII. 

2 Filhol,  op.  cit.,  fig.  58.  4 and  5 Ibid,  pi.  XV. 

6 These  are  mainly  converted  from  the  measurements  given  hy  M.  Gaudry,  hut  two  are  taken  from  his  figure. 

7 These  dimensions  are  means,  and  rather  smaller  than  those  of  the  skull  given  above. 
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Length  of  pm  1 


Width  „ „ „ . . 

Length  ,,  „ 4 

Width  „ „ „ .... 

Length  ,,  m.  1 

Depth  ,,  jaw  at  m.  1 
Greatest  width  of  ramus  at  symphysis 
Interval  between  canine  and  pm.  2 
„ „ „ m.  1 

Antero -posterior  diameter  of  canine 

,,  ,,  ,,  ,,  third  incisor 


Transverse 


Specimen.  H.  chseretis.  H.  striata. 
. (?)  0-17  0-25 


(?)  0-56  0-64  0-52 

0-8  0-79  0-72 

0-43  0-5 

0-98  0-87  0-78 

0- 48  0-45  0-48 

(?)  0-9  0-94  0-81 

1- 6  1-44  1-39 

0-68  0-85 

0-68  0-51  0-45 

3-0  2-79  2-47 

0-65  0-64  0-68 

0-27  0-32 

0-17  0-22 


It  will  be  seen  from  these  dimensions  that  in  the  Siwalik  jaw  there  is  a greater 
difference  in  the  respective  lengths  of  pm.  3 and  pm.  4 than  in  II.  chceretis  : the 
respective  intervals  between  the  canine  and  pm.  2,  and  m.  1,  are  moreover  con- 
siderably smaller  in  the  latter ; and  it  is  not  improbable  that  mTT  was  larger  in  the 
same.  These  differences  are  such  as  to  render  it  improbable  that  the  Siwalik  jaw 
belongs  to  the  European  species  ; although  there  can  be  no  doubt  that  it  belonged  to 
a closely  allied  form.  It  is  unknown  whether  m.  2 was  present  in  either.  The 
carnassial  of  the  European  form  had  a large  talon  and  a distinct  inner  cusp  to  the 
blade ; whence  it  may  be  inferred  that  such  appendages  probably  existed  in  the 
homologous  tooth  of  its  Siwalik  ally.  In  the  latter  the  middle  incisor  was  thrust 
above  the  other  two,  as  in  existing  species.  The  mandible  bears  two  nervous 
foramina  on  the  outer  side  ; whereas  there  is  but  one  such  foramen  in  II.  chceretis. 

It  may  be  remarked  that  in  addition  to  the  more  slender  form  of  the  premolars, 
as  compared  with  those  of  II.  striata , the  talons  of  pmT4  are  considerably  more 
developed  than  in  that  form.  In  the  fossil  pmT3  is  narrower  than  pm.  4 ; the 
opposite  condition  prevailing  in  the  recent  species. 

Distinctness  and  affinities. — It  now  remains  to  consider  the  affinities  of  the  species 
to  which  the  above-described  cranium  and  mandible  belong.  In  the  first  place  it 
will  be  apparent  that  the  only  described  species  with  which  they  have  any  affinity  is 
II.  chceretis ; and  since  the  mandible  differs  somewhat  from  that  of  the  latter,  it  is 
probable  that  the  Siwalik  form  should  be  referred  to  a distinct  species,  for  which, 
from  its  most  striking  character,  the  specific  name  macrostoma  is  proposed. 

With  regard  to  the  generic  title,  Prof.  Graudry  in  his  description  of  II.  chceretis 1 
remarks : “ La  carnassiere  inferieure  de  V Hyaena  chaeretis  est  tres  voisine  de  celte  de  Vhyene 
rayee  et  de  V Hyaena  arvernensis ; sa  carnassiere  superieure  a aussi  un  aspect  un  peu  hyenoide. 
C’ est  pourquoi,  en  attendant  qu' on  ait  trouve  des  pieces  plus  completes , nous  laissons  ce  fossile 
aupres  des  hyenes.  Nous  voulons  eviter  de  creer  un  nom  de  genre  pour  un  animal 
imparfaitement  connu  ; mats  ses  premolaires  si  longues , etroites  et  ecartees , semblent  annoncer 
quHl  devra  former  un  type  nouveau.  Nous  ne  savons  point  s’il  avait  une  seule  ou  plusiers 
tuberculeuses  ; les  premolaires  sont  asses  differentes  de  celles  des  hyenes  pour  faire  supposer 

l Op.  cit.,  vol.  I.,  p.  94. 
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des  formes  particulieres  dans  la  partie  tuberculeuse  de  la  dentition.  Les  dents  que  nous 
connaissons  paraissent  avoir  ete  moins  favor ablement  disposees  que'  celles  des  autres  hyenes 
pour  broyer  des  corps  durs 

The  present  specimens  have  shown  that  the  upper  dentition  is  numerically  the 
same  as  that  of  normal  hyaenas ; while  even  if  ra.  2 were  present,  it  will  he  shown 
below  that  no  good  reason  will  be  afforded  for  generic  distinctness.  It  only  remains, 
therefore,  to  consider  whether  the  form  of  the  premolars,  the  large  size  of  m.  1,  the 
narrow  elongated  palate,  the  form  of  the  posterior  nares,  the  relations  of  the  pre- 
maxillae to  the  frontals,  and  the  small  sagittal  crest,  afford  grounds  for  generically 
separating  the  present  species,  and  IT.  cheer  etis,  from  Hycena.  The  other  characters 
of  the  Siwalik  skull  and  jaw  agreeing,  however,  so  essentially  with  those  of  normal 
hyaenas,  and  the  next  species  forming  a transition  between  the  two  in  respect  of 
certain  dental  characters,  it  appears  to  the  writer  that  it  would  be  inadvisable  to 
generically  separate  the  present  highly  abnormal  form  from  other  hyaenas. 

Classing,  then,  Hycena  macrostoma  in  the  same  genus  with  existing  hyaenas,  that 
species  must  be  regarded  as  constituting  an  important  link  between  the  more  typical 
members  of  the  genus,  and  the  viverroid  and  canoid  Carnivora.  It  is  not  a little 
remarkable  that  in  some  respects  it  appears  to  have  more  affinity  with  the  generalized 
genus  Cynodictis  than  with  Ictitherium , which  is  otherwise  more  closely  allied  to  the 
hyaenas.  It  is  of  course  impossible  to  say  whether  II.  macrostoma  resembled  the 
existing  hyaenas  in  its  general  external  form  : but  it  may  be  affirmed  that  its  skull 
had  a longer  facial  portion  than  in  any  existing  species,  from  which  it  may  be 
inferred  that  the  head  had  a more  wolf -like  appearance  than  in  existing  hyaenas. 
The  more  elongated  and  slender  jaws,  coupled  with  the  slighter  form  of  the 
premolars,  also  renders  it  probable,  as  was  suggested  in  the  case  of  H.  chceretis  by 
Prof.  Glaudry,  that  H.  macrostoma  did  not  obtain  .the  chief  part  of  its  nutriment  by 
cracking  the  bones  of  the ' larger  Herbivora,  which  had  resisted  the  teeth  of  other 
Carnivora,  as  is  the  case  with  the  living  hyaenas  ; but  that  on  the  contrary  its  habits 
were  more  like  those  of  the  wolves  of  the  present  day. 

Distribution. — The  cranium  and  mandible  described  above  are  the  only  known 
remains  of  the  species,  and  were  both  obtained  from  the  Punjab. 

Species  4 : Hy^na  sivalensis,  Bose. 

History. — In  his  memoir  on  the  Carnivora  of  the  Siwaliks1  Mr.  Bose,  under  the 
name  of  “ H.  sivalensis,  Falc.,  et  Caut.  (?)  et  nob.”  describes  one  of  the  skulls  of 
hyaenas  in  the  British  Museum  (No.  37,133),  and  distinguishes  it  from  his  II.  felina. 
Under  the  former  name,  however,  Mr.  Bose  ranks  several  other  specimens  in  the 
same  collection,  consisting  of  fragments  of  the  maxilla  and  mandible2 ; all  of  which, 
with  one  possible  exception,  belong  to  other  species.2  The  whole  of  these  specimens 

1 ‘ Quart.  Journ.  Geol.  Soc.,’  vol.  XXXVI.,  p.  128. 

2 These  specimens  are  B.M.,  No.  16,583  (‘  F.A.S.,’  pi.  L,  fig.  2)  : No.  37,137  (this  work,  pi.  XXXVA.,  fig.  4 : sp.  non. 
det .):  No.  37,138  {ibid. , fig.  2 — H.  felina) : No.  37,139  {ibid.,  fig.  1 — B.  colvini)  : No.  16,573  (woodcut,  fig.  14,  p.  296 — R. 
colvini ) : No.  39,731  (‘F.A.S.,’  pi.  L,  fig.  b-H.  felina  (?)  ) : No.  37,141  {ibid.,  fig.  7— E.  felina  (?)  ). 


SIWALIK  AND  NARBADA  CARNIVORA. 


127—304 


are  described  together,  and  the  not  unnatural  conclusion  arrived  at  that  “ no  other 
species  of  Hysena  is  known  in  which  there  is  such  a remarkable  combination  of 
characters  shared  by  such  divergent  forms  ! ” The  one  specimen  of  a mandible  in 
the  British  Museum  collection  (No.  16,5.55)  which  alone  can  belong  to  the  same 
species  as  the  type  skull,  is  ignored  by  Mr.  Bose  ; and  this  is  also  the  case  with  two 
incomplete  skulls  (Nos.  37,134  and  37,136):  while  not  the  slightest  reasons  are  given 
for  these  omissions,  or  for  the  association  of  the  specimens  mentioned  above  under 
H.  sivalensis. 

The  name  II.  sivalensis , Bose,  will  be  adopted  here  for  the  species  to  which  the 
typical  cranium  belongs ; but  it  will  be  utterly  useless  to  quote  any  part  of  Mr. 
Bose’s  description,  as  that  includes  the  other  specimens  mentioned  above. 

Type  cranium. — Two  full-sized  views  of  the  above-mentioned  cranium  are  given 
in  plate  XXXIV.  of  the  ]3resent  volume  : it  is  also  figured  in  the  “ F.A.S.”1  and  the 
u Palaeontological  Memoirs  ”;2  where  the  profile  and  occipital  views  are  given,  on  a 
small  scale.  It  seems  from  the  latter  figures  that,  with  the  exception  of  the  loss  of 
the  summit  of  the  occipital  crest,  and  both  zygomatic  arches,  the  specimen  was 
originally  fairly  perfect  as  far  forwards  as  the  canines,  where  it  is  broken  by  a 
fracture  extending  obliquely  from  the  anterior  border  of  the  right  canine  to  the 
posterior  border  of  that  of  the  opposite  side.  In  its  present  condition  both  occipital 
condyles  are  wanting.  The  right  canine  has  lost  its  enamel,  and  its  summit.  On 
the  same  side  there  remain  pm.  2,  pm.  3,  and  pm.  4 • all  considerably  worn,  and  thus 
indicating  the  full  age  of  the  specimen.  On  both  sides  the  alveoli  of  pm.  1,  filled  with 
matrix,  are  visible  : the  interval  between  the  canine  and  pm.  2 is  comparatively  short. 

Commencing  with  pm.  4,  if  will  be  seen  from  the  figures  that  the  hind  lobe  of 
this  tooth  is  not  longer  than  "the  middle  lobe ; the  whole  tooth  being  relatively  small, 
and  its  inner  tubercle  well  developed,  although  not  extending  so  far  forwards  as  the 
blade.  In  these  two  points  this  tooth  differs  from  the  corresponding  tooth  of  II. 
felina , H.  colvini,3  and  II.  crocuta , and  agrees  with  that  of  II.  striata  and  II.  brunnea ; 
and  these  differences  are  of  such  importance  as  to  indicate  that  the  specimen  has  no 
affinity  with  either  of  the  first  three  species  mentioned  above,  but  that  its  relations 
are  entirely  with  II.  striata  and  its  allies ; whence  comparisons  will  accordingly  be 
confined  to  the  latter.  The  true  molar  (m.  1)  is  an  elongated  tooth,  with  its  transverse 
diameter  of  about  the  same  size  as  in  the  corresponding  tooth  of  H.  striata , but  with 
the  antero-posterior  diameter  considerably  larger.  As  the  palate  of  the  present 
specimen  is  narrower  than  in  II.  striata , the  whole  dimensions  of  m.  1 are  pro- 
portionately larger  than  in  that  species.  The  true  molar  is  placed  to  a great  extent 
behind  pm.  4 ; instead  of  entirely  on  its  inner  side  as  in  II.  striata.  The  crowns  of 

1 Supplemental  plate  K,  figs.  2,  2a,  2b,  2c. 

2 Vol.  I.,  pi.  XXV..  figs.  1-4.  Both  this  and.  the  plate  in  the  “ F.A.S.”  are  erroneously  lettered  Felis  crislnia. 

3 Two  specimens  represented  in  plate  XXXV.,  fig.  4,  and  XXXVa.,  fig'-  3,  are  apparently  an  exception;  but  in  the 
former  the  tubercle  is  broken  and  aborted ; while  in  the  latter  it  is  merely  the  extreme  edge  of  the  blade  that  has  abnormally 
grown  in  advance,  and  not  the  tubercle  itself  that  is  placed  posteriorly. 
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the  whole  of  the  premolars  are  extremely  low.  In  pm.  3 there  is  a hind  talon,  but 
considerably  smaller  than  that  of  II.  striata ; while  there  is  a mere  trace  of  the 
anterior  talon : the  crown  forms  a regular  ellipsoidal  cone,  which  is  set  obliquely  to 
the  molar  alveoli,  but  less  so  than  in  H.  striata  ; its  hinder  ridge  being  within,  instead 
of  without,  the  extremity  of  pm,  4.  In  pm.  2 there  is  a small  hind  talon,  and,  as  in 
pm.  3,  a distinct  cingulum  on  the  hinder  half  of  the  inner  side  : there  is  no  distinct 
anterior  talon,  and  the  tooth  is  set  much  less  obliquely  to  the  molar  alveoli  than  in  E. 
striata  ; the  hind  talon  being  placed  opposite  the  middle  of  the  anterior  border  of  pm.  3, 
instead  of  entirely  on  its  outer  side.  A distinct  interval  occurs  between  each  tooth 
of  the  premolar  series ; whereas  in  H.  striata  these  teeth  are  in  contact.  As  will  be 
seen  from  the  dimensions  given  below,  the  premolars  are  relatively  slightly  narrower 
than  in  that  species.  The  canine  is  too  battered  for  description. 

Before  proceeding  to  the  consideration  of  the  skull  itself,  it  will  be  simpler  to 
give  its  dimensions,  which  are  compared  below  with  those  of  II.  striata  and  II. 
macrostoma. 


H.  striata. 


Width  of  palate  at  pm.  4 3-5 

„ „ „ „ 3 . . . ...  . . . 3-22 

,,  „ ,,  behind  canine 2’0 

Interval  between  anterior  border  of  foramen  magnum  and  canine  . 7 '05 

„ ,,  canine  and  middle  of  postorbital  process  of  frontal  3-6 

,,  ,,  postorbital  process  of  frontal  and  occipital  condyle  5-2 

t)  ,,  posterior  border  of  palate  and  canine  . . . 3'46 

Width  at  postorbital  processes , . 3-07 

,,  below  ,,  „ 2'06 

Interval  between  canines • . . 1'2 

,,  „ hinder  border  of  pm.  4 and  canine  . . . 2-87 

,,  ,,  canine  and  pm.  2 0-42 

Length  of  pm.  2 • . . . 0-68 

Width  . 0-45 

Length  „ „ 3 0'88 

Width  „ „ „ 0-6 

Length  ,,  ,,  4 1"2 

Transverse  diameter  of  m.  1 0-58 

Ant.-post.  „ ,,,,,, 0-26 


3-02 

2'252 

1-75 

1-18 


2-5 

025 

0-58 

0-39 

0-78 

0- 47 

1- 16 
0-57 
0-28 


H.  macrostoma. 
3-7 


2 8 


8-04 

4-2 

4-13 

2-79 

2- 39 
1-18 

3- 46 
0-6 

0-63  (alv.) 
0-35  „ 


1-31 

0-62 

0-3 


It  will  be  seen  from  these  dimensions  that  the  present  skull  is  considerably 
smaller  than  either  of  the  other  two  ; and  that  it  differs  from  the  skull  of  U. 
macrostoma  by  being  shorter  and  wider  (as  is  well  shown  by  the  proportions  of  the 
palate),  and  by  its  shorter  and  broader  premolars.  In  general  form  it  has  a strong 
general  resemblance  to  the  skull  of  II.  striata ; but  the  facial  portion  is  somewhat 
longer  in  proportion  to  the  cranial,  and  the  facial  profile  rather  more  concave.3  On 
the  superior  aspect  the  two  skulls  are  very  similar  ; the  postorbital  processes  of  the 
frontal,  though  broken  in  the  fossil  specimen,  having,  when  complete,  been  very  like 
those  of  the  living  species.  The  curvature  and  extent  of  the  temporal  ridges  are 
also  very  similar  in  the  two : but  the  frontals  of  the  fossil  are  slightly  concave,  in 


1 Taken  from  tbe  original  figure. 

2 Broken. 


Compare  tbe  figures  in  tbe  “ F.A.S.  ’ or  “ Pal.  Mem.” 
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place  of  convex.  The  occipital  crest  is  smaller  in  the  fossil,  but  in  another  specimen 
is  as  well  developed  as  in  the  living  species.  Allowing  for  this  difference,  the 
occipital  surfaces  of  the  two  are  also  very  similar.1  On  the  inferior  aspect  the 
opening  of  the  posterior  nares  has  the  same  shape  in  both  ; and  the  general  form  of 
the  palate  is  also  very  similar,  although  owing  to  the  position  of  m.  1 in  the  fossil  the 
extension  of  the  palate  behind  pm.'  4 is  greater  than  in  the  recent  species.  The 
postglenoid  process  of  the  former  extends  farther  forwards. 

Second  cranium. — In  the  British  Museum  there  is  another  cranium  of  a small 
Siwalik  hyaena  (No.  37,136),  represented  (-|)  in  plate  K,  figs.  4,  4a,  4b,  of  the 
“ F.A.S.,”  agreeing  in  all  respects  with  the  specimen  described  above.  It  has  been 
somewhat  damaged  by  rolling,  and  comprehends  the  greater  part  of  the  skull  as  far 
back  as  the  middle  of  the  brain-case,  where  it  is  broken  off  by  an  oblique  fracture. 
The  teeth  are  much  worn  and  broken,  but  the  whole  of  the  four  premolars  are 
present ; and  the  left  pmj  exhibits  clearly  the  sub-equality  in  size  of  its  three  lobes. 
The  superior  aspect  is  extremely  like  that  of  the  skull  of  II.  striata ; and  the  large 
postorbital  processes  of  the  frontals  are  well  displayed,  and  in  conjunction  with  the 
opposite  zygomatic  processes,  enclose  a large  portion  of  the  hinder  border  of 
the  orbit. 

Third  cranium. — In  figures  3,  3a,  3b,  of  the  plate  last  quoted  there  is  represented 
(£)  the  hinder  half  of  a third  skull  of  a small  Siwalik  hysena,  also  in  the  British 
Museum  (No.  37,134) : this  specimen  agrees  precisely  in  size  and  general  form  with 
the  two  skulls  noticed  above,  and  doubtless  belongs  to  the  same  species.  It  exhibits 
the  sagittal  crest  more  fully  developed  than  in  the  type  skull ; and  is  therefore 
nearer  to  II.  striata. 

Mandible. — In  plates  XXXVIII.,  fig.  5,  and  XXXIX.,  fig.  7,  there,  are  given 
two  views  of  a nearly  complete  left  ramus  of  the  mandible  of  a Siwalik  hysena  in 
the  British  Museum,2  differing  from  the  mandibles  of  either  of  the  three  preceding 
species.  The  specimen  is  complete,  with  the  exception  of  the  summit  of  the 
coronoid  process  ; and  shows  the  whole  of  the  dentition  ; the  cheek-teeth  being 
much  worn,  and  the  greater  part  of  the  crown  of  the  canine  broken  away.  A 
fragment  of  the  right  ramus  is  attached  to  the  symphysis  ; while  the  condyle  is  still 
clasped  by  the  glenoid  fossa,  which  has  been  torn  away  from  the  skull. 

In  figures  2 and  5 of  the  two  plates  mentioned  above  there  is  represented  the 
hinder  portion  of  the  right  ramus  of  a precisely  similar  mandible,  collected  by 
Mr.  Theobald  in  the  Siwaliks  of  Asnot,  Punjab.  It  contains  two  teeth, — viz.,  pm.  4 
and  m.  1,  which  being  but  slightly  worn  are  in  a better  condition  for  comparison 
than  those  of  the  first  specimen,  and  it  will  accordingly  be  better  to  describe  the 
two  specimens  together. 

In  the  British  Museum  specimen  there  are  four  cheek-teeth ; namely,  pin.  2, 
pm.  3,  pm.  4,  and  m.  1 : there  being  no  trace  of  pm.  1 or  m.  2 ; and  the  number  of 

1 Compare  the  figures  in  the  “ F.A.S.,”  or  “ Pal.  Mem.” 

2 This  specimen  is  also  represented  in  F.A.S.,”  plate  M,  figs  2,  2a. 
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teeth  being  consequently  the  same  as  in  living  hyaenas.  In  the  other  specimen 
(plate  XXXIX.,  fig.  5),  however,  there  is  behind  mTI  the  circular  alveolus  of  a small 
in.  2,  which  is  normally  wanting  in  most  other  forms.  In  this  specimen,  m.  1 has  a 
large  talon  (the  summit  broken),  and  a relatively  small  blade,  on  the  inner  side  of 
the  hinder  lobe  of  which  there  is  a small  cusp.  The  form  of  this  tooth  shows  that 
the  mandibles  under  consideration1  belong  to  a species  of  II/jcena,  having  carnassial 
teeth  of  the  type  of  those  of  II.  striata ; and  presenting,  therefore,  no  sort  of  affinity 
with  II.  felina  and  II.  colvini.  Before  proceeding  with  the  description  of  the 
specimens  their  dimensions  may  be  given,  and  compared  with  those  of  II.  striatal  and 


H.  macrostoma : — 


Length  of  pm.  2 
Width  „ „ „ 

Length ,,  ,,  3 
Width  „ „ ,,- 
Length  ,,  ,,  4 
Width  „ „ ,, 

Length  ,,  m.  1 
Width  „ „ ,, 

Depth  of  jaw  at  m.  1 
,,  ,,  ,,  ,,  pm.  2 

Greatest  width  of  ramus  at  symphysis 
Interval  between  canine  and  pm.  2 


Space  occupied  by  4 cheek-teeth 
Antero -posterior  diameter  of  canine 

,,  ,,  ,,  ,,  third  incisor 

Transverse  „ ,,  ,,  ,, 


H.  striata. 


0-52 

0-32 

0-72 

0-5 

0-78 

0-48 

0-81 

0- 4 

1- 39 

1- 36 
0-85 
0-45 

2- 47 
2-68 
0-68' 
0-32 
0-22 


Specimens. 

B.  M.  I.  M. 
0-53 
0-31 
0-74 
0-41 

0-8  0-83 

0-42  0-44 

0-89  0-88 

0- 44  0-44 

1- 4  1-36 

1- 3 
0-7 
0-44 

2- 43 
2-88 
0-56 
0-26 
0-2 


H.  macrostoma. 

0-56  (?) 

0-8 

0-43 

0-98 

0-48 

0- 9  (?) 

1- 6 
1-29 
0-68 
0-68 
30 

0 65 
0-27 
017 


It  will  be  seen  from  this  table  that  the  specimens  under  consideration  are 
distinguished  from  the  mandible  of  II.  macrostoma  by  the  much  smaller  interval 
between  the  canine  and  pm.  2,  and  by  the  premolars  being  absolutely  smaller  and 
relatively  shorter  and  wider  ; being  in  fact  about  intermediate  between  the  teeth  of 
that  species  and  II.  striata.  These  differences,  coupled  with  the  absence  of  pm.  i in 
the  specimens  under  consideration,  leave  no  doubt  that  they  are  specifically  distinct 
from  H.  macrostoma.  The  only  species  of  Siwalik  hyaena  to  which  they  can,  there- 
fore, belong  is  II.  sivatensis ; and  as  they  agree  with  the  skull  of  that  species  in 
having  carnassials  of  the  striatine  type,  in  their  premolars  being  relatively  somewhat 
narrower  than  those  of  II.  striata , and  in  the  shortness  of  the  diastema,  while  the 
British  Museum  mandible  corresponds  precisely  in  size  to  the  type  skull  of  IT. 
sivatensis,  it  is  practically  certain  that  the  mandibles  under  consideration  belong  to 
that  species. 

Resuming  the  description  of  the  lower  teeth,  the  inner  cusp  of  m.  1 of  II. 
sivatensis  is  rather  smaller,  and  placed  slightly  farther  back  than  in  II  striata ; 


1 The  British  Museum  specimen  of  this  tooth  is  too  worn  to  show  its  characteristic  points. 

2 The  dimensions  of  this  species  are  means,  and  rather  smaller  than  those  of  the  skull  of  that  species  given  in  the 
preceding  table. 
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causing  the  1 cusp-line  ’ to  be  oblique,  instead  of  transverse.  As  in  H.  striata , there 
is  a well-marked  cingulum  on  the  outer  side  of  the  anterior  lobe  of  the  blade ; and, 
as  in  that  species,  this  cingulum  becomes  perforated  at  an  early  stage  by  the 
attrition  of  pm.  4.  The  talon  of  the  former  tooth  is  proportionately  larger  than  in 
II.  striata.  The  last  premolar  has  its  anterior  talon  rather  smaller  than  in  that 
species  ; and  very  much  smaller  than  in  JrL  macrostoma ; the  cingulum  on  the  inner 
side  of  the  hind  talon  having  a more  distinct  cusp  than  in  either  of  the  other  forms. 
In  the  two  preceding  teeth  the  anterior  talons  also  appear  slightly  smaller  than  in 
II.  striata ; while  the  width  of  pm.  3 is  less,  instead  of  greater,  than  that  of  pm.  4. 
The  incisors  and  canine  are  smaller  than  those  of  II.  striata  or  II  macrostoma ; and 
the  middle  incisor  is  not  thrust  above  the  level  of  the  other  two. 

Another  specimen  of  the  anterior  part,  of  the  right  ramus  of  the  mandible, 
figured  in  “F.A.S.,”  plate  M,  figs.  4,  4a,  showing  the  incisors,  canine,  and  early 
premolars,  appears  to  belong  to  the  present  species. 

Distinctness  and  affinities. — In  the  preceding  description  it  has  been  shown  that  II. 
sivalensis  is  a species  showing  affinity  only  with  those  species  whose  teeth  are  formed 
on  the  plan  of  those  of  II.  striata ; its  specific  distinctness  from  the  latter  having 
been  already  sufficiently  indicated.  II.  brunnea  is  in  the  main  distinguished  by  the 
same  characters : the  talons  of  the  premolars  are,  however,  smaller,  and,  therefore, 
more  like  those  of  the  fossil ; while  m.  1 is,  at  all  events  in  some  instances,1  placed 
slightly  behind  pm.  4,  and  thereby  approximates  to  II.  sivalensis , although  always  of 
much  smaller  size : the  inner  cusp  of  m.  i is  also  more  like  that  of  the  fossil,  being 
smaller,  and  placed  farther  back  than  in  II.  striata 2 : the  talon  of  this  tooth  is, 
however,  smaller  than  in  that  sj)ecies,  and  therefore  different  from  the  fossil.  Many 
of  the  points  distinguishing  the  latter  from  II.  macrostoma  have  already  been  pointed 
out ; but  it  may  be  added  that  in  II.  sivalensis  m.  1 is  relatively  larger  ; the  premolars 
shorter  and  wider  ; the  intervals  between  the  canines  and  pm.  1 and  pm.  2 shorter ; the 
palate  shorter  and  narrower  (especially  anteriorly),  and  the  opening  of  the  posterior 
nares  ellipsoidal  instead  of  triangular ; and  pm.  I absent.  On  the  superior  aspect 
the  postorbital  processes  of  the  frontals  are  considerably  more  developed,  and  the 
orbit  consequently  less  open  posteriorly ; while  the  temporal  ridges  make  a more 
sudden  curve  towards  the  middle  line,  and  unite  more  anteriorly  to  form  a better 
developed  sagittal  crest.  It  is  not  known  whether  m.  2 was  present  in  H.  macrostoma. 
The  present  species  is  probably  distinguished  by  the  same  characters  from  H.  cheer etis  : 
while  from  II.  arvernensis  it  is  distinguished  by  the  same  points  as  from  II.  striata. 
In  all  the  other  species  mentioned  in  the  list  on  pp.  276-7  there  is  no  inner  cusp  to 
m.  1< 

In  II.  grceca ,3  however,  m. 2 is  present,  and  m.  1 unusually  large;  on  account  of 
which  it  has  been  referred  to  the  distinct  genus  Hycenictis.  The  absence  of  any  trace 

1 See  De  Blainville,  “ OsteograpMe,”  Genus  Hysena,  pi.  III.  (£T.  fusca). 

2 Ibid.,  pi.  VT.  {E.  fusca). 

3 See  Gaudry,  “ Animaux  Fossiles  et  Geologie  de  l’Attique,”  pi,  XV.,  figs.  6-S. 
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of  the  inner  cusp  of  nh  1 sufficiently  distinguishes  that  species1 ; which  also  differs 
by  m.  1 being  placed  entirely  on  the  inner  side  of  pm.  4,  and  by  the  larger  and  more 
regularly  conical  premolars,  and  the  presence  of  pm.  1.  The  presence  of  m.  2 in  one 
of  the  mandibles  of  the  present  form,  and  its  absence  in  the  other,  leads  to  the 
conclusion  that  the  genus  Ilycenictis  cannot  be  maintained : an  inference  confirmed 
by  the  large  size  of  m 1 in  II.  macrostoma. 

The  foregoing  comparisons  show  that  the  specimens  under  consideration  are 
entitled  to  rank  as  a distinct  species  ; for  which  the  name  H.  sivalensis , Bose,  may  be 
retained.  In  regard  to  its  general  affinities,  the  large  size  of  m.  1 and  the  occasional 
presence  of  m.  2 indicates  that  the  species  is  a more  generalized  form  than  any  of  the 
existing  hysenas.  The  form  of  the  carnassials  indicates  affinity  with  H.  striata  and 
II.  brunnea,  while  the  proportions  of  the  premolars  indicate  an  intermediate  stage 
between  those  species  and  the  more  canoid  II.  macrostoma.  The  smaller  talons  of 
these  teeth,  and  the  obliquity  of  the  cusp-line  of  mTT  indicate,  however,  that  H. 
sivalensis  cannot  probably  be  the  direct  ancestor  of  II.  striata : although  it  is  quite 
possible  that  it  may  occupy  that  position  in  regard  to  II.  brunnea ; and  may  itself 
have  descended  from  a stock  allied  to  II.  macrostoma,  in  which  both  pm.  1 and  m.  2 
were  normally  present. 

Distribution. — The  remains  described  above  are  all  that  can  be  referred  to  the 
present  species ; the  range  of  which  extended  from  the  typical  Siwalik  Hills  to  the 
Punjab. 

Species  (?)  5 : non.  clet. 

Maxilla. — In  figure  4 of  plate  XXXVA.  of  this  volume  there  is  represented  the 
right  maxilla  of  a Siwalik  hysena  in  the  collection  of  the  British  Museum  (No.  37,137), 
which  is  apparently  different  from  any  of  those  described  above.2  It  shows  the  four 
premolars,  and  the  broken  alveolus  of  an  elongated  m.  1 (not  shown  in  the  figure ) ; all 
well  worn,  and  a portion  of  the  enamel  of  the  outer  side  of  pm.  4 being  broken 
away.  The  carnassial  appears  to  be  not  unlike  that  of  II.  felina , though  smaller, 
and  with  the  first  lobe  rather  larger  : the  tubercle  is  also  large.  The  two  preceding 
premolars  are  set  less  obliquely  than  in  II.  felina , II.  colvini,  or  H.  sivalensis  ; and  are 
distinguished  from  those  of  II.  macrostoma  by  the  squarer  forms  of  their  crowns. 
The  specimen  also  differs  from  H.  felina  by  the  elongated  form  of  m.  I.3  The  teeth 
are  more  like  those  of  II.  crocuta  in  respect  of  position ; but  are  distinguished  by 
the  larger  size  of  m.  1,  the  smaller  third  lobe  of  pm.  4,  and  the  less  distinctly  marked 
1 triangle  ’ of  pm  3.  The  carnassial,  though  larger,  is  more  like  the  corresponding 
tooth  in  II.  striata,  or  H.  brunnea ; but  the  form  or  position  of  the  preceding  teeth  is 
different.  71.  eximia  is  distinguished  by  the  form  of  pm.  4. 

Although  it  appears  highly  probable  that  the  present  specimen  really  belongs  to 
a fifth  Siwalik  species,  it  appears  desirable  to  await  additional  materials  before 
naming  it. 

1 This  cusp  is  present  in  the  deciduotis  carnassial.  3 Shown  in  the  original  figures. 

2 Also  figured  in  “ F.A.S.,”  supl.  plate  L.,  figs.  6,  6a : the  figures  in  pi.  XXXVA.  arc  reversed. 
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Other  unnamed  specimens. — In  the  course  of  tlie  preceding  descriptions  nearly  all 
the  accessible  remains  of  Siwalik  liysenas  have  been,  at  all  events  provisionally, 
named.  There  are,  however,  in  the  British  Museum  (Nos.  16,583;  39,138;  and 
39,179)  three  specimens  of  the  muzzles  of  Siwalik  hyaenas1  which  are  not  specifically 
determinable.  The  same  collection  also  contains  a few  undetermined  detached 
teeth  ; and  there  are  some  fragmentary  mandibles  in  the  Ipswich  Museum,  probably 
belonging  either  to  H.  colvini  or  II.  felina.  It  is  noteworthy  that,  with  the  exception 
of  a few  metapodials  and  phalangeals,  no  limb-bones  have  been  obtained  from 
the  Siwaliks  that  can  be  referred  to  liysenas ; — indicating  the  great  rarity  of 
carnivorous  remains. 


Mutual  Affinities  of  the  Species  of  Hyaena. 


As  the  hyaenas  from  the  Siwaliks  are  so  strongly  represented  in  species  it  will 
be  advisable  in  conclusion  to  cast  a brief  glance  at  their  general  relations  to  the 
other  species,  and  the  mutual  affinities  of  the  whole  number.  For  this  purpose  the 
Siwalik  species  have  been  incorporated  below  in  the  list  given  on  page  278  ; the 
order  of  arrangement  following  as  far  as  possible  the  relative  specialization  of  the 
dentition  ; the  most  highly  specialized  forms  being  placed  at  the  top,  and  doubtful 
species  indicated  by  an  asterisk: — 


t 

A ^ 

3rd  lobe,  pm.4 

m.l 

pm.  1 

cusp 

talon 

m.2 

H.  croeuta  (inner  cusp  absent  in  mm.  4) 

*H.  perrieri  ...... 

large 

small 

absent 

absent 

small 

absent 

H.  colvini  (pm.  1 absent)  .... 

( generally  i 
' \ smaller  1 

| medium, 

[ to  large 

», 

„ 

„ 

H.  felina  (pm.  1 sometimes  absent) 

smaller 

small 

,, 

„ 

larger 

H.  eximia  (tubercle  of  pm.4  very  small,  Pm-  ■ 

l in  one 

instance  wanting)  .... 

• 

large 

present 

,, 

large 

>» 

H.  brevirostris  . . 

H.  grseca  (inner  cusp  present  in  mm.  4) 

• • 

very  large 

P 

present 

| 

” 

present 

H.  brunnea  (inner  cusp  of  md  small) 

small 

large 

absent 

present 

large 

absent 

*H.  arvernensis  (inner  cusp  of  mTl  large) 

,, 

„ 

,, 

larger 

„ 

H.  striata  ,,  ,,  ,,  ,,  ,, 

H.  sivalensis  (inner  cusp  of  md  small : pr 

emolars 

„ . 

” 

» 

” 

” 

somewhat  elongated) 

A,  f 

very  large 

„ 

„ 

very  large  j 

' sometimes 
present 

H.  macrostoma  (premolars  much  elongated) 

,,  ,, 

present 

present  ? 

H ?■  I 

? 

H chseretis  ,,  ,,  ,, 

• 

? 

„ 

present 

very  large 

'? 

It  will  be  seen  from  this  table  that,  although  the  species  cannot,  in  all  respects, 


be  arranged  in  a regular  series,  the  specialization  of  the  dentition  advances 
on  the  following  lines : — first,  in  the  gradual  proportionate  increase  of  the 
third  lobe  of  pm.  4 • second,  in  the  decrease  in  size  of  m.  1 ; third,  in  the  disappearance 
of  pm.  I and  m.  2 : fourth,  in  the  diminution  of  the  talon,  and  the  diminution  and 
eventually  disappearance  of  the  inner  cusp  of  m.  1 ; which,  however,  lingers  longer 
in  mm.  4 : fifth,  in  the  proportionately  increasing  width  of  the  premolars.  The 
carnassials  also  become  larger  in  proportion  to  the  other  teeth  ( megalocreodontism ). 


G 2 


i “ F.A.S.,”  supl.  plate  L.,  figs  1,  la  ; 2,  2a.  2b  ; 3,  3a,  3b. 
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As  special  characters  of  particular  forms,  which  are  not  found  in  other  highly 
specialized  species,  may  he  mentioned  the  suppression  of  pm.  1,  and  of  the  tubercle 
of  pm.  4.  The  great  development  of  the  talons  of  the  premolars  which  occurs  in  the 
most  generalized  forms  is  not  continued  above  II.  striata  ; and  it  is  noteworthy  that 
in  II.  grceca , which  retains  the  generalized  character  of  a large  m,  1 and  the  presence 
of  pm.  1 and  m.  2,  m.  1 has  lost  its  inner  cusp. 

It  will  be  observed  from  the  description  of  the  dentition  of  those  groups  that 
an  almost  precisely  analogous  series  of  developments  occurs  among  the  dogs  and  the 
cats,  and  to  a minor  extent  among  the  bears ; and  it  will,  therefore,  be  apparent,  as 
has  been  already  mentioned,  that  these  developments  must  have  occurred  inde- 
pendently of  one  another  ; as  if  the  different  groups  had  been,  so  to  speak,  running 
a race  along  similar  parallel  roads  to  similar  common  goals,  which  all  had  attained. 
Although  the  dentition  of  the  more  generalized  hyaenas  is,  with  the  exception  of  the 
absence  of  m.-2,  very  similar  to  that  of  Ictitherium  (which  is  probably  near  the 
original  ancestry  of  the  group) ; while  in  the  suppression  of  certain  teeth  and  the 
form  of  the  carnassials  the  higher  forms  are  more  like  the  higher  Felidce , the  fact  that 
the  precarnassial  cheek-teeth  of  the  latter  are  always  of  the  elongated  form 
characteristic  of  the  most  generalized  hyaenas,  proves  that  the  higher  hyaenas  are 
genetically  entirely  distinct  from  the  Fclidce.  The  relationship  between  the  lowest 
hyaenas  and  Ictitherium  is  sb  extremely  intimate  that  it  may  be  well  doubted  whether 
it  is  possible  to  draw  any  valid  distinction  between  the  Hycenidce  and  the  Viverridce  ; 
while  the  genus  Lcpthycena  brings  the  Hycenidce  into  close  connection  with  the  Felidce. 

With  regard  to  the  mutual  genetic  relations  of  the  hyaenas,  it  has  already  been 
mentioned  that  II.  sivalensis  may  have  belonged  to  the  direct  parental  stock  of  U. 
brunnea ] which  it  connects  with  the  generalized  II.  macrostoma  : beyond  this,  however, 
it  cannot  be  said  that  there  is  a probability  of  any  one  species  in  the  foregoing  list 
being  the  direct  ancestor  of  another.  The  minute  gradations  occurring  between 
many  of  these  forms  leave,  however,  little  room  for  doubt  that  they  have  taken 
origin  from  a common  stock,  somewhat  after  the  order  in  which  they  are  arranged 
above  ; and  afford  as  good  an  instance  of  progressive  modification  as  can  be  found 
among  any  group  of  the  Mammalia. 

It  is  worthy  of  note  in  connection  with  the  canoid  characters  of  the  skull  of 
II.  macrostoma  that  the  hinder  premolars  of  the  mandible  have  a marked  resemblance 
to  those  of  the  S.  African  Lycaon , in  which  there  is  a distinct- anterior  talon  to  pm.  4, 
generally  wanting  in  the  dogs,  though  present  in  the  so-called  hysenoid  wolf  of 
Spritsail  cave,1  and  in  a less  degree  in  some  of  the  domestic  races. 


“ Pal.  Mem.,”  vol.  II.,  pi.  36. 
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Genus  II. : LEPTHY2ENA,  n.  gen.,  nobis. 

Species  : LefthyvENA  siyalensis,  nobis. 

Syn.  Ictitherimn  sivalense,  nobis. 

History. — The  present  genus  is  mentioned  here  for  the  first  time ; the  specimen 
of  a mandible  on  which  it  is  founded  having  been  previously  referred  to  Ictitherimn  ; 
and  mentioned  in  the  “ Records  m under  the  name  of  I.  sivalense. 

Mandible. — The  mandible  mentioned  above,  consisting  of  two  fragments  of  the 
rami  of  opposite  sides,  is  represented  in  figures  8,  9,  and  9a,  of  plate  XLV.;  and 
was  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  Asnot,  Punjab.  The  larger 
fragment  (figs.  9,  9a)  comprehends  the  hinder  part  of  the  left  ramus,  wanting  the 
condyle,  and  coronoid  and  angular  processes ; and  showing  the  broken  pm.  4,  mTI 
broken  posteriorly,  and  the  alveolus  of  in.  2.  The  other  portion  (fig.  8)  shows  the 
broken  pm.  3 and  the  perfect  pm.  4.  All  the  teeth  are  considerably  worn.  The 
premolars  are  sub-conical  elongated  teeth,  with  a well-marked  cingulum  on  the  outer 
side,  a large  hind  talon,  and  a rudimentary  fore  talon.  The  carnassial  has  a large  blade, 
of  which  the  anterior  lobe  is  the  longer  ; having  a distinct  inner  cusp  placed  exactly 
opposite  the  hinder  lobe  of  the  blade,  to  which  it  is  closely  attached ; and  a relatively 
small  talon,  of  which  the  summit  is  broken  away  : there  is  a small  cingulum  on  the 
outer  side  of  the  anterior  lobe ; and  the  length  of  the  whole  tooth  is  not  greatly  in  excess 
of  that  of  pm.  4.  The  alveolus  of  m.  2 is  single  and  circular  ; showing  that  this  tooth 
must  have  been  very  small.  The  jaw  is  of  great  vertical  depth — much  exceeding  in 
this  respect  the  length  of  m.  I ; it  tapers  anteriorly,  is  much  compressed  from  side 
to  side,  and  its  inferior  border  ascends  very  rapidly  towards  the  angular  process. 
The  length  of  pmTi  is  0-57,  that  of  mTl  O' 7,  and  the  greatest  depth  of  the  jaw 
0-97  inch. 

The  number  of  the  hinder  cheek-teeth  is  the  same  as  in  the  Mustelidce,  many  of 
the  Vivemdce,  and  the  primitive  hyaenas  and  cats ; and  the  character  of  the  teeth  shows 
clearly  enough  that  it  is  only  to  one  of  those  groups  that  the  specimen  can  have  any 
affinity.  With  regard  to  the  first,  the  teeth  are  somewhat  like  those  of  Maries  and 
Mustela  ; but  the  anterior  lobe  of  the  blade  of  m.  1 is  relatively  larger  in  the  fossil, 
and  the  talon  much  smaller.  In  the  recent  forms,  moreover,  the  length  of  m.  1 is 
equal  to  the  united  lengths  of  pm.  3 and  pm.  4 ; and  the  talon  of  m.  1 is  of  a sectorial 
nature.  In  no  existing  viverrine  (with  the  exception  of  Cryptoprocta , in  which  the 
inner  cusp  of  m.  I.  is  wanting)  are  the  talon  and  inner  cusp  of  m.  1 relatively  so 
small,  and  the  jaw  so  deep  as  in  the  fossil.  In  Ictitlierium  (to  which  the  fossil  was 
referred)  m.  2 is  an  elongated  tooth  ; the  talon  of  mTT  longer ; the  whole  of  that 
tooth  longer  in  proportion  to  pm.  4 ; and  the  jaw  less  deep. 

Coming  to  the  hyaenas,  a much  closer  resemblance  will  be  found.  If  the  lower  jaw 
of  H.  sivalensis  represented  in  pi.  XXXVIII.,  fig.  2,  and  pi.  XXXIX.,  fig.  5,  be 

1 Vol.  X.,  p.  32. 
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compared  with  the  present  specimen,  it  will  he  found  that  the  two  agree  in  the 
general  form  of  the  jaw  (especially  in  respect  of  depth,  and  the  upward  bend  of  the 
inferior  border  near  the  angle) ; in  the  proportionate  length  of  pm74  and  m.  1 ; and 
in  the  general  form  of  these  teeth.  The  main  points  of  distinction,  in  addition  to 
size,  being  that  the  talon  of  m.  i is  relatively  smaller  in  the  present  specimen,  and 
the  inner  cusp  considerably  larger  and  placed  more  exactly  opposite  the  hinder  lobe 
of  the  blade ; while  the  fore  talon  of  pm.  4 is  relatively  smaller ; and  that  tooth 
scarcely  diminishes  in  width  anteriorly. 

The  fossil  resembles  some  of  the  primitive  cats1  in  having  a talon  and  inner  Cusp 
to  m.  I ; but  differs  from  them  in  the  shape  of  the  hinder  part  of  the  jaw;  and 
(with  the  exception  of  a species  described  below)  in  the  greater  depth  of  jaw,  in  the 
subequality  in  size  of  pm.  4 and  m.  1,  and,  perhaps,  in  the  larger  size  of  the  inner  cusp. 

Affinities. — From  the  foregoing  comparisons  it  appears  that  the  present  form  is 
most  nearly  allied  to  one  of  the  primitive  hyaenas  ; from  which,  however,  its  small  size 
and  the  differences  noticed , above  probably  indicate  generic  distinction.  The 
resemblances  between  the  two  are,  however,  so  close  that  it  is  probable  the  fossil 
sh  ould  be  referred  to  the  Eycenidce ; and  accordingly  the  new  generic  name 
Tjepthycena  is  proposed  for  it.  The  smaller  size  of  the  talon  of  m.  1,  and  the  fore 
talon  of  pm.  4 in  Lepthycena , probably  indicates  that  this  genus  is  not  an  ancestor  of 
Hycena,  but  that  it  more  probably  diverged  from  some  form  like  Ictitherium ; and 
may  possibly  be  related  to  the  ancestral  stock  of  the  primitive  cats ; one  of  which 
will  be  shown  below  to  present  strong  resemblances  to  the  present  genus.  The 
number  of  lower  premolars  in  the  latter  is  unknown. 

Family  V. : FELIDAE. 

Extent. — In  classifying  the  most  specialized  group  of  carnivores  which  may  be 
collectively  spoken  of  as  “ cats,”  Prof.  Cope2  divides  them  into  two  distinct  families, 
termed  the  Nimravidce  and  Felidce : the  distinctions  between  the  two  being  mainly 
founded  on  modifications  of  the  basi-cranial  foramina.  Partly  owing  to  the  fact  that 
these  foramina  have  not  been  observed  in  all  the  species,  and  partly  from  the  gradual 
transition  in  other  characters  from  one  genus  to  another,  Prof.  Mivart3  prefers  to 
class  the  whole  of  these  animals  in  the  one  family  Felidce ; and  this  course  will  be 
adopted  here.  There  is,  however,  still  some  doubt  as  to  the  number  of  genera  that 
should  be  included  in  the  family,  since  Prof.  Cope  includes  in  his  Nimravidce  the 
genus  Procelurus , Filh.;  while  Prof.  Mivart4  is  inclined  to  refer  it  to  the  mustelines. 
Its  dentition  is,  however,  decidedly  feline  ; while  the  form  of  its  skull,  though  more 
weasel-like,  is  not  so  far  removed  from  that  of  Archcelurus,  as  to  preclude  in  the 
present  writer’s  opinion  the  possibility  of  its  belonging  to  the  Felidce ; of  which  in 
any  case  it  must  probably  be  regarded  as  an  ancestral  form.  Provisionally  including 
this  genus,  the  genera  of  Felidce  hitherto  described  may  be  tabulated  as  follows,  vis. : — 

1 Vide  infra.  3 “ The  Cat,”  p.  439. 

2 * Amer.  Nat.,’  vol.  XIV.,  1880,  p.  833,  el.  seq.  4 Ibid,  p.  435, 
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Family  Felidte. 

Carnassials  well  developed  : not  more  than  one  upper  true  molar,  or  two  lower  true  molars. 


No.  of  premolai 

No.  of  molars. 

| 

f 

: 1 I 111 

1 

Proaelurus  . . 

I ' 

| 

rounded 

absent 

smooth 

present 

present 

absent 

large 

2 

Pseudselurus  . 

C1-2J 

„ 

„ 

,, 

absent 

8 ' . ,, 

present: 

? 

3 

Archselurus 

1 

angulated 

,, 

„ 

,, 

„ 

absent 

,, 

4 

iElurogale 

C.3-0  IcAf)  . 

,, 

1 ; ,, 

serrated 

,, 

,, 

„ 

„ 

5 

Nimravus 

| 

' „ ' ■ ' 

„ 

,, 

,, 

„ 

„ 

„ 

6 

Dinictis 

£ 

i 

,, 

present 

. 77  . 

present 

,, 

„ 

„ 

7 

Pogonodon 

£ 

i 

„ 

„ 

,, 

absent 

„ 

' » 

8 

Hoplophoneus 

i 

- ,, 

„ 

present 

„ 

rudimentary  „ 

9 

Felis 

cr-30 

| 

rounded 

absent 

smooth 

absent 

absent 

present 

10 

Cynselurus 

f 

i 

>7 

,, 

,, 

j> 

,, 

rudimentary 

11 

iElurodon 

A'' 

?• 

? 

? 

? 

? 

RR 

„ 

12 

Machserodus 

2 

CiT23 

* 

angulated 

present 

serrated 

absent 

absent 

,, 

large 

13 

Eusmilus  (incisors  -j)  . 

I.’' 

I " 

„ 

„ 

„ 

„ 

present 

? ' 

? 

In  the  foregoing  table  the  writer  follows  Prof.  Mivart1  in  referring  all  existing 
cats  to  the  genera  Fells  and  Cyncelurus.  In  opposition  to  that  authority  Pseudcelurus 
is,  however,  placed  among  the  lowest  forms,  instead  of  next  to  Fells : a position  to 
which  it  seems  entitled  by  the  large  number  of  premolars  sometimes  present,2  as 
well  as  by  the  well-developed  talon  of  m.  1 :3  according  to  Prof.  Cope,  the  first  lobe 
of  the  blade  of  pm.  4 is  absent,  but  this  apparently  is  not  the  case  in  the  specimen 
figured  by  Gervais.  The  form  of  the  two  mandibles  does  not  seem  to  bear  out 
Prof.  Mivart’s  suggestion4  that  JElurogale  is  the  same  as 
Dinictis.  The  genus  Machcerodus  is  taken  as  including 
the  American  forms,  classed  by  Prof.  Cope  in  the  distinct 
genus  Smilodon  ; characterized  by  the  smaller  size,  or 
suppression  of  pm.  3 ; and,  at  all  events  in  some  forms, 
by  the  union  of  the  zygomatic  with  the  mastoid  process 
beneath  the  auditory  meatus.  In  M.  neogeeus  (fig.  15) 
and  M.  fatalis  pm.  4 is  more  complex  than  in  any  other 
form ; its  first  lobe  being  nearly  as  large  as  the 
second,  with  a large  talon  in  front  of  it : pm.  4 also 
is  unusually  complex.  In  placing  Eusmilus  higher  in 
Fig.  15.  Machcerodus  neogeeus  (Lund) : the  series  than  Machcerodus  the  writer  follows  Prof. 

cranium,  much  reduced : pleistocene,  S.  = t»  p /n 

America.  Mivart  : Prof.  Cope,  however,  places  it  at  the  top 

of  his  Nimravidce.  Its  high  specialization  is  indicated  by  the  suppression  of 

1 Op.  cit.,  p.  431. — ‘ Pro.  Zool.  Soc.,’  1882,  pp.  140-2. 

2 For  the  variation  in  the  number  of  teeth  in  Pseudcelurus  and  JElurogale  seeFilhol,  “ Memoires  sur  quelques  Mammiferes 
Fossiles  des  Phosphorites  du  Quercy,”  p.  84,  et.  siq. 

3 See  Filhol,  “ Phosphorites  du  Quercy,”  p,  167.  > 4 “ The  Cat,”  p.  435.  5 Ibid,  p.  437.  6 Op.  cit.,  p.  841. 
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one  lower  incisor,  and  the  enormous  development  of  the  descending  mandibular 
expansion  : in  the  presence  of  a talon  to  m.  1 it  retains,  however,  evidence  of  its  affinity 
to  the  more  generalized  cats,  which  is  lost  in  the  other  machserodonts.  In  Machcerodus 
the  inner  tubercle  of  pm.  4 is  always  less  developed  than  in  Felis  ; and  in  some  cases 
may  be  almost  or  entirely  absent : when  present  it  is  situated  farther  back  than  in  the 
latter.  The  upper  canines  are  distinguished  from  those  of  Felis,  by  their  compressed 
form,  serrated  edges,  and  the  absence  of  the  vertical  grooves  which  almost  always 
occur  in  the  latter.  The  outer  upper  incisor  has  serrated  edges  in  some  instances. 

It  must  be  understood  that  it  is  impossible  to  arrange  the  Felidae  strictly  in  one 
lineal  series  ; since  it  is  pretty  certain  that  the  cheetahs,  true  cats,  and  machaerodonts 
form  three  diverging  branches  from  the  primitive  stock.  Even,  however,  in  the  face 
of  this  impossibility,  the  genera,  as  arranged  above,  exhibit  on  the  whole  a 
progressive  advance  in  the  structure  of  the  carnassials ; and  in  the  diminution  in 
number  of  the  premolars  and  lower  molars.  The  presence  of  a talon  and  inner  cusp 
to  m.  1 in  many  of  the  lower  forms,  and  the  absence  of  a first  lobe  to  pm.  4 are 
characters  connecting  the  family  with  the  Viverridce , and  possibly  (if  the  musteline 
affinities  of  Procelurus  and  Steneoplesictis  are  rightly  determined)  with  the  Mustelidce. 
As  it  is  certain  that  the  higher  species  did  not  descend  from  the  lower  cats  through 
the  intervention  of  the  hyaenas,1  it  is  clear  that  the  development  of  the  first  lobe  of 
pm-  4 in  Felis  is  another  instance  of  the  separate  origin  of  this  part. 

In  the  otherwise  generalized  genus  Cyncelurus , as  well  as  in  Machcerodus  and 
Mlurodon  the  specialization  of  pm.  4,  by  the  abortion  of  its  inner  tubercle,  is 
analogous  to  the  condition  prevailing  in  Icticyon  among  the  dogs. 

Although  the  number  of  lower  teeth  in  Felis  is  generally  very  constant,  yet  the 
present  writer  has  recorded2  one  instance  of  the  presence  of  pm.  2 in  F.  tigris , while 
De  Blainville3  has  figured  a lower  jaw  of  F.  lynx  in  which  m.  2 is  present.  Both 
these  instances  are  probably  to  be  regarded  in  the  light  of  reversions ; and  the 
second  instance  is  very  noteworthy,  since  the  lynx  in  the  retention  of  a rudiment  of 
the  talon  of  m.  1 exhibits  a connection  with  the  primitive  feline  stock  more  clearly 
than  any  other  existing  cats4 ; the  cheetah  ( Cyncelurus ) coming  next  in  this  respect. 

In  describing  the  Indian  fossil  remains  of  the  family  it  has  been  found 
impossible  to  associate  with  any  certainty  the.  various  limb-bones  with  the  skulls, 
jaws,  and  teeth,  and  it  has  accordingly  been  thought  better  to  define  the  various 
species  on  the  evidence  of  the  latter,  and  subsequently  to  describe  all  the  limb-bones 
together ; with  suggestions  as  to  the  species  to  which  they  may  probably  belong. 


1 Vide  supra,  p.  311. 


2 ‘ Jmirn.  As.  Soc.  Beng.,’  vol.  XL VII.,  pt.  II.,  p.  2,  pi.  II.  The  specimen  is  compared  to  Fseudcelurus , 
not  being  then  aware  of  the  distinctive  characters  of  in  that  genus. 

3 “ Osteographie,”  Genus  Felis,  pi.  XIV. 

•4  Mivart,  ‘ Trans.  Zool.  Soc.  Lon.,’  vol.  X.,  p.  84 : Owen,  “ Odontography,”  p.  48S. 
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Genus  I. : iELUROPSIS,  n.  gen.,  nobis. 

Species:  AElueopsis  annectans,  nobis. 

History. — The  present  genus  and  species  are  mentioned  here  for  the  first  time. 

Mandible. — In  figures  4,  4a  of  plate  XXXIII.  there  is  represented,  from  the 
dental  and  inner  aspects,  the  hinder  part  of  the  right  ramus  of  a carnivore,  collected 
by  Mr.  Theobald  in  the  Siwaliks  of  Asnot.  The  specimen  is  broken  off  posteriorly 
at  the  commencement  of  the  masseteric  fossa,  and  anteriorly  in  front  of  the  alveolus 
of  pm  3 : it  shows  the  complete  unworn  pm  4,  the  broken  m.  1,  and  the  alveolus  of 
mV  ; that  of  pmV  being  concealed  by  matrix.  The  number  of  the  hinder  cheek- 
teeth is  the  same  as  in  Lepthycena ; and  the  form  of  these  teeth  is  also  very  similar 
in  the  two.  Thus  the  alveolus  of  m72  is  single,  and  circular  ; while  in  m.  1 there  is 
a large  talon,  and  the  form  of  the  broken  base  of  the  blade  shows  that  it  was 
furnished  with  an  inner  cusp  of  much  the  same  shape  as  in  the  latter : the  whole 
tooth  is,  however,  shorter,  its  length  being  less  than  that  of  pm.  4.  The  latter  tooth 
is  extremely  long  and  narrow;  with  a sharp,  compressed  main  lobe,  well-developed 
fore-and-aft  talons,  and  a large  posterior  cingulum.  The  jaw  is  of  great  vertical 
depth;  this  diameter  being  nearly  equal  to  the  united  length  of  pm.  4 and  mTl.  Its 
inferior  border  is  convex  posteriorly,  but  concave  towards  the  middle ; with  a distinct 
commencement  of  a downward  symphysial  expansion  at  the  point  of  fracture  ; there 
is  also  a marked  lateral  thickening  at.  this  point  (fig.  4),  indicating  the  commencement 
of  the  symphysis,  and  that  the  earlier  premolars  were  probably  suppressed.  The 
mental  foramen  is  large  and  single,  as  is  often  the  case  in  Machcerodus. 


The  dimensions  of  the 

specimen 

are  as  follows,  viz. : — 

Length  of  pm.  4 

0-69 

Depth  of  jaw  at  m.  1 

1-35 

Width  „ 

0-28 

Thickness  of  jaw  at  pm.  4 

0-44 

Length  ,,  m.  1 

0-6 

,,  ,,  ,,  ,,  fracture 

0-55 

Width  „ „ „ 

0-3 

Since  an  excess  in  length  of  pm.  4 over  m.  1 is  a character  only  found  among 
some  of  the  existing  cats,1  while  the  structure  of  the  former  tooth  is  also  feline, 
there  is  every  reason  to  believe  that  the  specimen  belongs  to  that  group.  The 
retention  of  mV  and  the  appendages  of  mTl  indicate,  however,  affinity  with  the 
primitive  cats  and  Lepthycena.  In  all  the  American  and  European  primitive  cats,  in 
which  in.  I retains  its  appendages,  that  tooth  is  longer  than  pm74,  while  the  depth  of 
jaw  is  never  anything  like  that  of  the  present  specimen.  Lepthycena  comes,  however, 
a step  nearer  in  this  respect.  In  the  presence  of  a descending  symphysial  expansion 
the  jaw  under  consideration  agrees  with  certain  of  the  primitive  cats  and  Machcerodus ; 
especially  with  those  species  of  that  genus  like  M.  palceindicus  (plate  XLIV.,  fig.  3), 
in  which  the  descending  process  commences  far  back,  and  the  jaw  itself  is  of  great 
proportionate  depth.  The  general  resemblance  between  the  two  (as  far  as  the 
imperfect  condition  of  the  present  specimen  admits  of  comparison)  is  indeed  so  great 


l E.g certain  individuals  of  Felts pardus  (B.  M.  No.  115,  a). 
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that  it  might  at  first  sight  appear  that  the  two  belonged  to  the  same  genus.  The 
Machcerodu-s,  however,  agrees  with  other  species  of  that  genus  in  the  absence  of  m.  2, 
and  the  talon  and  inner  cusp  of  m.  1. 

That  the  present  jaw  is  generically  distinct  from  all  other  forms  is  apparent 
from  the  foregoing  comparisons ; which  also  show  that  it  presents  characters 
connecting  the  hyaenine  Lepthycena  with  the  feline  Machcerodus  * palceindicus.  The 
connection  between  those  two  genera  is  indeed  rendered  so  close  that  it  is  probable 
no  well-marked  distinction  can  be  drawn  between  the  families  Hycenidce  and  Felidce ; 
and  it  is  not  improbable  that  through  an  ally  of  the  present  form,  some  of  the 
machserodonts  may  have  descended  from  an  ancestral  stock  intimately  related 
through  Lepthycena  with  the  viverroids.  The  present  jaw  is  provisionally  referred  to 
the  Felidce , under  the  new  name  of  Mluropsis  annectans  ; and  it  is  much  to  be  hoped 
that  future  finds  may  bring  to  light  other  remains  of  this  very  interesting  form. 

Genus  II. : iELUROGALE,  Filhol. 

General. — The  main  characters  of  this  genus  have  been  given  in  the  table  on 
page  314  : it  has  been  hitherto  known  only  by  the  single  species  M.  intermedia }i 
Filh.,  from  the  Quercy  phosphorites  ; although  there  is  great  variation  in  the  size  of 
that  species,  and  it  has  been  divided  into  the  races  major  and  minor} 

Species : vElurogale  sivalensis,  n.  sp.,  nobis. 

Syn.  Pseudcelurus  sivalensis,  nobis. 

History. — In  1877  the  present  writer  gave  a preliminary  notice2  of  the  right 
ramus  of  the  mandible  of  a feline  carnivore,  collected  by  Mr.  Theobald  in  the 
Siwaliks  of  the  Punjab,  under  the  name  of  Pseudcelurus  sivalensis.  The  more 
elaborate  descriptions  of  the  European  forms  of  that  genus,  published  since  that 
notice  was  written,  have  shown  that  the  Siwalik  form  is  generically  distinct,  and 
probably  belongs  to  the  genus  JElurogale ; founded  subsequently  to  the  original 
naming  of  the  Siwalik  fossil. 

Mandible. — The  mandible  mentioned  above  is  represented  of  the  natural  size  in 
plate  XLIV.,  figs.  7,  7a  : it  is  broken  off  a short  distance  behind  m.  1 ; and  anteriorly 
has  lost  the  portion  containing  the  incisive  alveoli,  and  the  upper  part  of  the  root  of 
the  canine.  There  remains  a considerable  part  of  m.  1 ; the  alveoli  of  pm.  4 and 
pm.  3 ; the  base  of  a minute  pm.  2,  and  part  of  the  root  of  the  canine.  Of  m.  1 the 
anterior  lobe  of  the  blade  remains  perfect,  but  has  its  summit  abraded : the  hinder 
lobe  is  broken  off,  but  the  elongated  shape  of  its  alveolus,  and  the  long  interval 
between  the  sockets  of  the  two  fangs,  indicate  that  this  tooth  was  furnished  with  a 
talon : the  inner  cusp  being,  however,  absent.  The  alveoli  of  pm.  4 and  pm.  3 are  of 

1 A second  species  was  named  A.  mutata,  Filh.,  hut  has  been  subsequently  merged  with  the  first  (Filh.,  “Mem.  sur 
quel.  Mam.  Foss.  d.  Phos.  d.  Quercy,”  p.  8). 

2 “ Records,”  vol.  X.,  p.  83. 
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the  normal  feline  type ; but  the  second  socket  of  the  former  is  relatively  narrower 
than  in  the  leopard.  The  interval  between  the  alveolus  of  pm.  3 and  the  canine  is 
longer  than  in  most  living  cats ; though  not  more  so  than  in  F.  macrocelis.1  Nearly 
in  the  middle  of  this  interval  there  is  the  broken  base  of  a minute,  unicuspid,  and 
probably  functionless,  pmTiy,  The  section  of  the  canine  is  apparently  of  normal 
size.  The  inferior  border  of  the  jaw  is  nearly  straight  throughout  the  portion 
remaining,  as  in  most  existing  cats : the  depth  of  the  jaw  is  also  of  the  same  general 
proportions : the  mental  foramen  is  double.  Anteriorly  the  j aw  differs  very 
markedly  from  the  jaws  of  all  existing  Felidce.  In  place  of  the  outer  and  anterior 
faces  of  the  ramus  being  continuous,  and  the  alveolus  of  the  canine  coming  close  up 
to  the  anterior  border,  these  surfaces  are  nearly  at  right  angles,  and  separated  by  a 
strong  vertical  ridge,  placed  far  in  advance  of  the  alveolus  of  the  canine : the  anterior 
surface  of  the  mandible  is  consequently  concave.  Another  remarkable  feature  is 
that  the  canine  is  placed  unusually  close  to  the  symphysis,  which  must  have  been 
extremely  narrow ; leaving  a very  contracted  space  for  the  incisors.  The  superior 
border  of  the  ramus  has  a marked  upward  inclination  towards  the  canine  : while 
between  the  anterior  vertical  ridge  and  pm.  3 the  outer  surface  of  the  jaw  is  strongly 
concave. 

Comparisons. — The  general  form  of  the  jaw  and  mTI  leaves  no  doubt  that  the 
specimen  under  consideration  belongs  to  the  Felidce  ; while  the  presence  of  pm.  2,  the 
talon  of  m.  1,  and  the  form  of  the  symphysial  extremity,  indicates  that  it  is 
generically  distinct  from  the  existing  cats,  and  belongs  to  the  primitive  forms  of  the 
group.  From  Pseudcelurus  it  is  distinguished  by  the  vertical  symphysial  ridge ; the 
anterior  and  lateral  surfaces  of  the  mandible  being  in  that  genus  more  or  less 
perfectly  continuous.  Of  the  remaining  genera2  mentioned  in  the  table  on  p.  314, 
Frolceurus  is  distinguished  by  the  presence  of  the  inner  cusp  to  m.  L ; while  Dinictis , 
Fogonodon , Hoplophoneus , Machcerodus , and  Fusmilus  are  distinguished  by  the  descending 
symphysial  expansion.  In  Nimravus3  pm.  2 is  wanting,  and  the  superior  border  of  the 
mandible  does  not  ascend  in  advance  of  pm.  3.  In  Arclicelurus 4 the  mandible  is 
shorter,  with  a more  curved  inferior  border  than  in  the  present  specimen:  the 
canines  are  also  relatively  short,  whereas  they  were  probably  long  in  the  latter. 
There  now  only  remains  FFlurogale , in  which  the  general  characters  are  the  same  as 
in  the  specimen  under  consideration  ; the  number  of  lower  premolars  being  three  in 
the  typical  race.  If  the  description  and  figures  of  var.  major  of  that  species  given 
by  M.  Filhol5  be  compared  with  those  of  the  present  specimen  it  will  be  found  that 
there  is  a very  close  agreement  between  them.  In  speaking  of  the  mandible  M. 
Filhol  observes  : — “ JJespace  occape  par  les  incisives  est  tres-restreint , et  des  a peine  s’il 
existe  au  niveau  de  la  sympliyse  une  legere  place  pour  loger  ces  dents  qui , au  nombre  de  trois, 
devaient  etre  tres-petites  par  rapport  au  volume  des  autres.”  And  again  : — u Le  maxillaire 


1 See  Mivart,  “The  Cat,’’  fig.  169,  p.  399.  3 Cope,  ‘ Amer.  Nat.,’ vol.  XIV.,  p.  841. 

2 The  abnormal  JElurodon  may  be  disregarded.  4 Ibid,  p 842. 

5 “Phosphorites  du  Quercy,”  pp.  260-9,  figs.  211-12. 
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inferieur  presente , dans  sa  partie  anterieure , une  sorte  deface  anterieure  qui  rapelle  unpeu  une 
disposition  que  Von  rencontre  sur  un  Felin  des  phosphorites  [ Eusmilus  bidentatus ].”  These 
characters  are  precisely  similar  to  those  of  the  specimen  under  consideration.  In 
one  of  the  Quercy  specimens1  pm.  2 is  an  exceedingly  minute  tooth,  placed  midway 
between  the  canine  and  pm.  3 : the  interval  between  the  two  latter  teeth  is  relatively 
shorter  than  in  the  Siwalik  jaw,  but  in  another  specimen2  it  has  nearly  the  same 
proportion.  The  jaw  of  the  Quercy  species  is  deeper  than  the  Siwalik,  and  its 
lower  margin  more  curved ; but  these  differences  need  not  be  of  more  than  specific 
value.  It  is  not  known  whether  m72  was  present  in  the  Siwalik  jaw,  but  such  was 
very  probably  the  case. 

The  resemblance  of  the  Siwalik  jaw  to  Mlurogale  intermedia  is  so  close  that  there 
can  be  no  question  that  they  are  closely  allied,  although  specifically  distinct ; and 
that  they  not  improbably  belong  to  the  same  genus.  Since  it  is  always  preferable  to 
refer  a new  form  to  an  existing  genus  till  such  time  as  it  is  proved  to  be  distinct,  the 
Siwalik  jaw  may  be  provisionally  named  JElurogale  sivalensis.  Although  the 
symphysis  of  the  latter  has  not  a descending  expansion,  yet  its  vertical  depth,  and  the 
marked  concavity  behind  the  canine,  indicate  that  the  upper  canine  was  relatively 
long ; while  the  whole  form  of  this  part  of  the  jaw  presents  a considerable 
resemblance  to  that  of  certain  species  of  Machcerodus.  In  the  following  table  the 
dimensions  of  the  specimen  are  compared  with  those  of  Felis  par dus,  F.  isabellina , 
and  JElurogale  intermedia , var.  major : — 

F.  pardus.3  F.  isabellina. 3 2E.  sivalensis.  2E.  intermedia.4 

'a.  bT'' 


Interval  between  canine  and  hinder  border  of  m.  1 2-42 


2-65  2-65  3-28 


,,  „ ,,  ,,  pm.  3 

Space  occupied  by  three  cheek-teeth 
Length  of  alveolus  of  pm.  3 
Width  ,,  „ ,,  „ ,, 

Length  ,,  ,,  ,,  ,,  4 

Width  „ „ „ „ „ 

Length ,,  ,,  ,,  m.  1 

Width  „ „ „ „ „ 

Depth  behind  canine 

,,  ,,  m.  1 ... 

Antero-posterior  diameter  of  canine 
Transverse  „ ,,  ,, 


0- 58 

1- 94 
0-51 
0-21 
0-6 
0-32 

0- 73 
0-28 

1- 17 
0-92 
0-68 
0-42 


0- 37  0-8 

1- 5  1-92 

0-4  0-47 

0-19  0-19 

0-5  0-65 

0-2  0-24 

0-62  0-78 

0'24  0-29 

0-94  1-18 

0-64  0-8 

0-44  0-52 

0-32  0-32 


0-62  1-11 

2-05  2-22 

0-57  0-67 

0-68  0-68 

0- 72  0-9 

1- 0  1-5 

0-97  1-22 

0-38 


JE.  sivalensis  is,  therefore,  intermediate  in  size  between  the  Tibetan  lynx  and 
the  leopard.  The  proportions  of  the  lower  premolars  are  nearer  those  of  the 
same  teeth  in  the  lynx  than  in  the  leopard. 


1 Filhol,  op.  cil,,  fig.  211.  3 From  specimens  In  the  writer’s  collection. 

2 Ibid,  fig.  212.  4 From  the  specimens  figured  by  M.  Filhol. 
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Genus  III. : FELIS,  Linn. 

Including  Leo,  Leopardus , Lynx , Tigris , Uncia,  etc.,  etc. 

Range  in  time. — The  chief  dental  characters  of  the  genus  having  been  alluded 
to,  and  as  it  is  unnecessary  to  give  a list  of  the  recent  species,1  while  it  would  be 
very  difficult  to  form  a correct  one  of  the  fossil  species,  it  only  remains  to  mention 
the  distribution  in  time  of  the  genus.  According  to  Prof.  Gaudry2  the  earliest 
known  appearance  of  the  genus  in  Europe  is  in  the  mid.  miocene  of  Sansan ; where 
it  is  represented  by  F.  media ,3  and  F.  (?)  pygmea .4 5  It  is  represented  in  the  lower 
pliocene  of  Montpellier  by  F.  christoli6 ; and  from  that  stage  appears  to  increase  in 
numbers  till  the  recent  period,  in  which  it  probably  attained  its  maximum.  In 
America  the  earliest  species  occur  in  the  upper  miocene  (Loup  Fork)6 ; and  the  genus 
is  henceforth  numerously  represented. 


Species  1 : Felis  cristata,  Falc.  and  Caut. 

Synonyms : Uncia  cristata , Cope.  Felis  grandicristata , Bose. 

Uncia  grandicristata , Cope.  (?)  Felis palceotigris,  Falc.  (MSS.). 

History. — In  1836  Messrs.  Falconer  and  Cautley  published  a memoir,7  illustrated 
by  two  small-sized  figures,8  on  the  cranium  of  a large  feline  carnivore  from  the 
Siwaliks,  to  which  they  applied  the  name  F.  cristata.  In  the  “ Palaeontological 
Memoirs”9  this  memoir  is  reprinted ;- but  by  an  unfortunate  mistake  the  figure 
of  a skull  of  a Siwalik  hyaena  is  given  in  illustration.  At  a later  date  Mr.  Bose 
described10  another  large  feline  cranium  in  the  British  Museum,  under  the  provisional 
name  of  F.  grandicristata , not  being  sure  of  its  distinctness  from  F.  cristata  ; and  the 
present  writer  subsequently  expressed  his  opinion  that  the  two  were  the  same.11 
According  to  the  “ Palaeontological  Memoirs  ”12  it  appears  that  Dr.  Falconer  was 
latterly  inclined  to  think  that  there  were  two  species  of  large  Siwalik  felines,  F 
cristata  and  F.  palceotigris  ; but  it  does  not  appear  to  what  specimen  the  latter  name 
was  intended  to  apply.  The  original  figure  of  the  superior  surface  of  the  cranium 
of  F.  cristata  is  given  (reversed)  by  De  Blainville.13 

Type  cranium. — The  type  cranium,  obtained  by  Mr.  W.  Ewer  from  the  Siwalik 
Hills,  and  now  in  the  Museum  of  the  Royal  College  of  Surgeons,  is  represented  in 
plates  XLI.  and  XLII.  of  the  present  volume.  It  wants  the  left  zygoma  (restored 
in  outline),  part  of  the  sagittal  crest,  the  auditory  bulla,  and  the  crowns  of  all  the 


x Prof.  Mivart  (“  The  Cat  ”)  gives  the  number  of  living  species  as  48  ; -with  some  doubt  as  to  the  distinctness  of  one  or 

two. 

2  “ Les  Enchainements  du  Monde  Animal—  Mammiferes  Tertiaires,”  p.  5. 


3 Lartet,  “ Notice  sur  la  Colline  de  Sansan,”  p.  19. 

4 Ibid. 

5 Gervais,  “ Zool.  et  Pal.  Franc;.,”  p.  219. 

6 Cope,  op.  cit.,  pp.  857-8. 

7 “ Asiatic  Researches,”  vol.  XIX.,  p.  135,  et.  seq. 

3 Plate  XXI.,  figs;  1,  2. 


9 Vol.  T.,  p.  315. 

10  ‘ Quart.  Journ.  Geol.  Sop!,’  vol.  XXXVI.,  p.  127. 
U ‘ Records,’  vol.  XIV.,  p.  64. 

12  Vol.  I.,  p.  xxi. 

13  “ Osteographie,”  Genus  Felis,  pi.  XV. 
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teeth  ; and  has  also  sustained  some  minor  damages,  sufficiently  apparent  in  the 
figures.  The  incisors  had  dropped  out  before  the  specimen  was  fossilized  ; but  it 
appears  from  Dr.  Falconer’s  memoir  that  the  crowns  of  the  cheek-teeth  were 
originally  present,  since  he  alludes  to  them  as  indicating  that  the  skull  belonged  to 
an  adult,  though  not  an  aged,  individual. 

An  inspection  of  the  plates  will  show  that  the  reference  of  the  specimen  to  the 
genus  Fells  is  correct ; and  as  its  large  size  separates  it  from  all  existing  cats  with 
the  exception  of  the  tiger,  the  lion,  and  the  jaguar,  comparisons  may  be  in  the  main 
restricted  to  those  three  species.  It  will  simplify  these  comparisons  to  take  them  in 
the  order  here  mentioned,  after  first  giving  the  dimensions  of  the  fossil,  which  are 
compared  below  with  those  of  skulls  of  the  tiger  and  lion.  The  skull  of  the  latter 
is  a small  Asiatic  specimen  in  the  Museum  of  the  Royal  College  of  Surgeons  ; the  first 
tiger  skull  (a)  is  an  unusually  small  specimen  from  Burma,  and  the  second  (b)  a 


medium-sized  one  from  India  ; both  in  the  writer’s 

collection : 

F.  cristata. 

F. 

tigris. 

F.  leo. 

Length  from  inferior  margin  of  foramen  magnum  to  incisive  alveoli  . 

8-95 

a. 

9-2 

b? 

9-6 

9-92 

Extreme  zygomatic  width 

7-6 

7-3 

816 

7-54 

Length  from  anterior  border  of  nasals  to  occipital  crest 

9-2 

10-2 

,,  ,,  base  of  foramen  magnum  to  summit  of  occipital  crest 

4-1 

3-56 

,,  ,,  incisive  alveoli  to  postorbital  process  of  frontal 

5-6 

6-08 

6-55 

6-7 

,,  ,,  postorbital  process  of  frontal  to  hinder  border  of  condyle 

6-36 

6-2 

5-9 

Interval  between  inferior  border  of  foramen  magnum  and  posterior 

border  of  palate 

4-5 

4-05 

4-32 

Interval  between  posterior  border  of  palate  and  incisive  alveoli 

4-45 

515 

5-28 

,,  ,,  outer  borders  of  coqdvles 

2-2 

205 

2-2 

Vertical  diameter  of  condyle 

1-29 

1-15 

1-25 

Width  behind  canine 

30 

305 

33 

306 

,,  at  pm.  4 .......... 

4-5 

4-6 

5-05 

4-62 

Length  of  nasals 

2-8 

3-2 

3-3 

31 

Width  of  frontals  across  postorbitals  

31 

2-9 

3-95 

3-38 

Height  of  orbit  

2-05 

2-19 

2-25 

2-11 

Interval  between  canine  and  pm.  3 

0-32 

0-6 

0-46 

06 

Length  of  pm.  4 

1-5 

1-3 

1-39 

1-44 

United  length  of  pm.  3 and  pm.  4 

2-2 

203 

2-22 

2-32 

Antero-posterior  diameter  of  canine 

0 95 

0-93 

106 

0-87 

Commencing  with  the  tiger,  pm.  3 and  pm.  4 are  described  by  Dr.  Falconer  as 
having  the  same  structure  as  in  that  species ; the  length  of  the  latter  tooth  being, 
however,  considerably  greater.  It  is  also  stated  that  these  two  teeth  were  set  at  a 
more  marked  angle.  The  canine  and  pm.  3 are  placed  nearer  together  than  in  any 
tiger : the  alveolus  of  pm.  2 exists  on  the  left  side.  The  measurements  show  that 
the  fossil  is  slightly  smaller  than  the  lesser  tiger’s  skull ; and,  therefore,  below  the 
average  size  of  that  species.  It  differs  from  the  same  skull,  and  also  from  the  lion’s 
skull,  in  being  proportionately  wider  ; but  in  this  respect  its  proportions  are  nearly 
similar  to  the  larger  tiger’s  skull.  It  also  differs  very  markedly  in  that  the  length  of 
the  facial  is  considerably  less  than  that  of  the  cranial  portion,  whereas  in  the  tiger 
the  former  diameter  exceeds  the  latter.1  The  same  relations  are  exhibited  by  the 

1 Occasionally  in  very  large  tigers,  when  the  parietal  region  is  greatly  developed,  these  two  diameters  are  sub-equal. 
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base  of  the  skull,  in  which  the  portion  behind  the  palate  is  longer  than  the  palate 
itself : the  reverse  obtaining  in  the  tiger.  The  sagittal  crest  is  much  more  developed ; 
and  according  to  Dr.  Falconer  originally  extended  in  a straight  line  from  the  frontals 
to  the  occipital  crest,1  without  the  marked  depression  which  always  occurs  in  the 
tiger.2  In  consequence  of  this  great  development  of  the  sagittal  crest  the  hinder 
portion  of  the  frontals  is  more  elevated  above  the  level  of  the  post-orbital  processes  ; 
causing  the  junction  of  the  facial  and  cranial  elements  to  form,  when  viewed  in 
profile,  a less  marked  angle  than  in  the  tiger : this  character  is  an  approach  to  that 
found  in  some  species  of  Machcerodns  (e.g.  M.  neogaius).  The  occipital  crest  is  also 
deeper,  and  overhangs  the  condyles  to  a greater  extent ; the  condyles  themselves 
being  relatively  larger.  The  anterior  root  of  the  zygoma  is  deeper  and  its  inferior 

border  more  arched,  and  placed  at  a greater 
distance  from  the  alveoli  of  the  cheek- 
teeth. The  glenoid  fossa,  in  place  of 
having  nearly  the  same  antero-posterior 
width  throughout  its  extent,  is  considerably 
expanded  in  this  direction  at  its  outer 
extremity.  In  the  posterior  part  of  the 
palatal  aspect  still  more  striking  differences 
may  be  observed.  Thus  in  the  fossil  the 
whole  periotic  region  is  brought  nearer  to 
the  glenoid  fossa  than  in  the  tiger  (wood- 
cut  fig.  1G);  this  being  accompanied  by 
the  larger  size  of  the  mastoid  process  (m), 
and  (as  far  as  their  broken  condition 
admits  of  determining)  of  the  bulla  and 
paroccipital  process  ( p ).  In  consequence 
of  these  differences  the  space,  or  cavity, 
behind  the  glenoid  fossa,  which  in  the 
tiger  is  open,  with  a highly  inclined 
anterior  wall,  becomes  much  narrower,  and 
more  highly  arched;  with  its  anterior  wall 
not  far  removed  from  the  vertical.  The 
position  of  the  various  foramina  is  of 
necessity  different  in  the  two  skulls  ; thus 

skull,  with  a portion  of  the  auditory  bulla  removed : , pi 

c , condylar  foramen  ; l,  foramen  lacerum  posticum  : tllB  cipGrtlirG  01  til  6 GUStclclllclll  C3Hcll  yCj ? 

car,  carotid  canal ; e,  custachian  canal ; o,  foramen  place  of  being  behind  the  post-glenoid 

ovale ; p,  paroccipital  process : w,  mastoid  process  of  . # Kjjjj  a c 

periotic:  am,  meatus  auditorius  externus.  prOCGSS  \P£Jj  &S  in  til  6 tigGEf  IS  SltllcVtod  Oil 

the  same  transverse  line ; while  the  foramen  ovale  (0)  instead  of  being  on  the  line  of 
the  post-glenoid  process,  is  considerably  in  advance  of  it. 

1 In  plate  XLII.  the  dotted  profile  line  .should  apparently  have  been  straight. 

2 Compare  De  Blainvillc,  “ Osteographie,”  Genus  Felis,  pi.  VII. 
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The  skull  of  the  lion1  is  in  many  respects  nearer  to  the  fossil ; although  it  agrees 
with  that  of  the  tiger  in  the  relative  proportions  of  the  facial  and  cranial  portions, 
and  the  longer  interval  between  the  canine  and  pm.  3.  In  its  larger  pm.  4 the  lion 
comes  nearer  to  the  fossil ; while  in  the  form  of  its  anterior  zygomatic  root,  and 
antero-posterior  widening  of  the  outer  extremity  of  the  glenoid  fossa  it  also  agrees 
with  the  latter.  The  profile  of  the  cranium  makes,  moreover,  a somewhat  nearer 
approach  to  that  of  the  fossil ; although  there  is  never  the  marked  rise  behind  the 
post-orbitals,  and  the  sagittal  crest  is  less  elevated.  In  the  depression  of  the  median 
nasal  and  frontal  sutures  the  lion’s  skull  approaches  the  fossil ; although  this  character 
is  exaggerated  in  the  latter.  In  respect  of  the  hinder  part  of  the  base  of  the  skull 
the  lion  is  about  intermediate  between  the  fossil  and  the  tiger ; the  eustachian 
opening,  being  placed  nearly  on  the  line  of  the  post-glenoid  process,  and  the  whole 
bulla  more  approximated  to  the  same  than  in  the  tiger.  The  cavity  behind  the  post- 
glenoid  process  is  also  shorter  and  more  vaulted,  with  the  anterior  wall  less  inclined 
than  in  the  tiger,  but  more  so  than  in  the  fossil.2  The  mastoid  process  is,  however, 
much  smaller  than  in  the  latter.  The  palate  is  only  slightly  longer  than  the  post- 
palatal portion,  and,  therefore,  nearer  the  fossil  than  in  the  tiger. 

The  skull  of  the  jaguar3  in  respect  of  the  form  of  the  cranial  profile  makes  the 
nearest  approach  to  the  fossil,  especially  in  old  individuals.  It  is  also  the  only  one 
of  the  larger  existing  cats  in  which,  as  in  the  fossil,  the  facial  is  considerably  shorter 
than  the  cranial  portion.  On  the  inferior  aspect,  moreover,  the  post-palatal  portion 
is  equal  in  length  to  the  palatal.  The  relative  position  of  the  auditory  bulla,  and 
the  form  of  the  glenoid  fossa,  are  also  very  similar  in  the  two;  but  the  cavity  behind 
the  post-glenoid  process  is  more  open,  and  less  deep,  with  its  anterior  wall  more 
inclined ; and  the  mastoid  process  is  smaller.  The  skull  of  the  jaguar  is  also 
distinguished,  apart  from  its  considerably  smaller  size,  and  relatively  smaller  pm.  4, 
by  the  greater  concavity  of  the  frontals  behind  the  post-orbital  processes,  and  by  the 
shorter  and  wider  palate,  and  excessive  width  and  outward  curvature  of  the  zygomas. 
The  great  depth  of  the  anterior  root  of  the  latter  is  more  pronounced  than  in  the 
fossil ; and  exceeds  the  vertical  diameter  of  the  orbit. 

Second  cranium.— hi  figure  1 of  plate  XL.  there  is  represented  (|-)  the  hinder 
portion  of  the  cranium  of  a Siwalik  Felis  in  the  collection  of  the  British  Museum, 
agreeing  in  size,  and  in  the  strongly  marked  parietal  ridges  and  sagittal  crest,  so 
closely  with  the  last  specimen  that  there  appears  every  reason  for  regarding  the  two 
as  specifically  the  same.  The  sagittal  crest  is,  indeed,  somewhat  less  prominent  in 
the  second  specimen,  but  this  variation  may  well  be  due  to  differences  in  age  or  sex. 
The  specimen  has  lost  the  right  occipital  condyle,  and  both  zygomatic  arches,  and  is 

1 Compare  De  Blainville,  op.  cit.,  pi.  V. 

2 There  is  some  variation  in  these  respects  in  different  skulls  : the  skull  of  a small  Asiatic  specimen  in  the  Museum  of 
the  College  of  Surgeons,  and  one  of  a cave  lion  from  Belgium  in  the  same  collection  (No.  352),  coming  nearer  to  the  fossil 
than  any  other  specimens  which  have  come  under  the  writer’s  notice. 

3 ComparoDo  Blainville,  op.  cil.,  pi.  VIII. 
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broken  off  in  front  at  tlie  anterior  border  of  the  orbit.  It  is  of  considerable 
importance,  since  it  shows  the  sutures  between  the  frontals,  nasals,  and  maxillse. 
The  nasals  {no)  terminate  superiorly  in  a broad  arch  ; reaching  to  within  a very 
short  distance  of  the  point  to  which  the  nasal  process  of  the  maxilla  extends  ; the 
termination  of  the  latter  ( mx ) being  likewise  blunted,  and  the  intervening  frontal 
process  very  short. 

In  the  tiger,  the  extremity  of  the  nasals  is  pointed,  and  the  nasal  process  of  the 
maxilla,  which  is  blunt,  never  extends  up  to  the  level  of  the  former ; the  average 
interval  between  the  two  being  about  lialf-an-inch,  and  the  intervening  frontal 
process  long  and  pointed.  In  the  lion,  the  sharply  pointed  extremity  of  the  maxilla 
extends  up  to  the  level  of  the  equally  acute  nasal  extremity ; the  frontal  process 
being  extremely  long  and  pointed.  In  the  jaguar,  the  relations  of  these  bones  are 
nearly  intermediate  between  the  tiger  and  the  lion ; the  maxillary  process  being 
sharper  and  extending  higher  up  than  in  the  former,  but  not  so  far  as  in  the  latter. 
In  the  leopard,  Prof.  Owen  observes1  that  the  relation  of  these  bones  is  the  same  as 
in  the  tiger,  and  this  is  true  of  many  specimens.  In  some,  however  (as  in  a skull 
from  Kashmir  in  the  writer’s  possession),  the  blunt  maxillary  process  extends  up  to 
the  level  of  the  nasals,  whose  extremity  is  somewhat  rounded ; the  descending 
frontal  process  being  comparatively  short.  This  skull  comes  nearer  in  this  respect 
to  the  fossil  than  any  other  which  has  come  under  the  writer’s  observation. 

The  length  of  the  present  specimen  is  eight  inches  ; or  almost  exactly  equivalent 
to  the  corresponding  part  of  the  larger  of  the  two  tigers’  skulls  whose  dimensions 
are  given  above.  The  specimen  measures  3-3  inches  across  the  post-orbital  processes 
of  the  frontals  : the  interval  between  the  hitter  and  the  hinder  borders  of  the 
occipital  condyles  being  6-4  inches. 

Third  cranium. — In  figure  2 of  plate  XL.  there  is  given  a lateral  view  of  an 
imperfect  cranium  of  another  large  Felis  in  the  Siwalik  collection  of  the  British 
Museum  ; which  is  the  specimen  already  mentioned  as  having  been  provisionally 
named  F.  grandicristata  by  Mr.  Bose,  whose  description  may  be  quoted  : — 

“ The  specimen  consists  of  a cranium  deficient  in  the  facial  portion  in  front  of 
the  orbits.  The  zygomatic  arches,  brain-case,  and  its  base  are  beautifully  preserved. 

The  skull  belonged  to  an  animal  considerably  larger  than  F. 

crista ta,  and  of  about  the  same  size  as  the  larger  varieties  of  the  royal  tiger.  The 
sagittal  crest  (slightly  damaged  posteriorly)  is  much  thicker  and  more  prominent 
than  in  F.  cristata , and  stands  vertically  on  the  roof  of  the  cranium.  Its  height 
anteriorly  is  six  times  greater  than  the  corresponding  height  in , the  tiger.  The 
ridges  which  originate  from  behind  the  post-orbital  processes  of  the  frontals  are 
stronger,  and  run  obliquely  to  a greater  distance  than  in  any  other  large  forms  of 
Felis ; and  these,  instead  of  perfectly  blending  to  form  the  sagittal  crest,  run  parallel 
nearly  as  far  as  the  occiput,  forming  a narrow  and  shallow  groove  along  the  median 

1 “ JJiit.  Foss.  Miiin.  and  Birds,”  p.  104. 
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line  of  that  crest.  The  triangular  valley  included  between  the  frontal  ridges  in 
front  of  the  parietal  crest  \_sagittal  arcaj,  as  well  as  the  frontal  fossa  between  the 
post-orbital  apophyses,  slopes  anteriorly,  as  in  F.  cristata , and  not  posteriorly,  as  in 
other  large  Felidce.  The  depth  of  the  mesopterygoid  fossa,  as  well  as  the  length  of 
the  basicranial  axis,  is  very  nearly  the  same  as  in  the  larger  individuals  of  the 
tiger ; but  the  breadth  of  the  cranium  at  the  zygomatic  arches  is  proportionately 
much  smaller  than  in  the  latter.” 

In  the  following  table  the  dimensions  of  this  specimen  are  compared  with  the 
corresponding  dimensions  of  the  type  skull  of  F.  cristata,  and  of  the  larger  of  the 
two  tigers’  skulls  mentioned  on  page  321  : — 


F.  cristata. 
(type) 

Interval  between  inferior  border  of  foramen  magnum  and  posterior 


border  of  palate 4-5 

Depth  of  mesopterygoid  fossa 

Extreme  zygomatic  width 7'6 

Width  of  frontals  across  post-orbitals 3*1 

Interval  between  post -orbital  process  and  hinder  border  of  condyle.  . 6'36 

,,  ,,  outer  borders  of  condyles 2-2 

Length  of  pm.  4 15 


Specimen. 


5-07 

1-02 

5- 421 
3-3G 

6- 9 
2-462 
1-45 


F.  tigris. 


4-32 

0- 9 
8-16 
3-95 
6-2 
2-05 

1- 39 


The  hinder  part  of  the  inferior  surface  of  the  present, specimen  has  the  same 
characteristic  points  as  the  type  skull  of  F.  cristata , the  large  mastoid  process  being 
especially  noticeable.  The  form  and  position  of  the  zygoma  is  also  the  same  in  the 
two  ; while,  as  Mr.  Bose  observes,  the  frontals  have  the  same  concavity,  small  post- 
orbital processes,  and  strong  temporal  ridges.  The  only  characters  of  any  importance 
noticed-  by  Mr.  Bose  as  distinguishing  the  two  skulls,  are  the  larger  size  of  the 
present  specimen,  and  its  more  strongly  developed  sagittal  crest ; but  these  differences 
are  not  greater  than  those  in  different  individuals  of  the  lion  or  tiger.  The 
pre-glenoid  process  of  the  present  specimen  is  very  strongly  developed. 

In  comparing  the  fossil  with  the  skull  of  the  tiger  Mr.  Bose  concludes  that  the 
zygomatic  width  was  less  in  the  former  than  in  the  latter ; the  comparison  having 
been  made  on  the  evidence  of  the  post-palatal  length  of  the  base  of  the  skull.  The 
dimensions  of  the  type  skull  of  F.  cristata  show,  however,  that  such  a comparison 
gives  a false  result,  owing  to  the  relatively  greater  length  of  the  post-palatal  portion 
of  the  fossil  skull  as  compared  with  that  of  the  tiger.  The  present  specimen 
was  probably  not  much,  if  at  all,  longer  than  the  tiger’s  skull  with  which  it  is 
compared  above  ; but  had  a proportionately  wider  zygoma,  larger  occipital  condyles, 
a longer  cranial,  and  (probably)  a shorter  facial  portion,  a longer  pin.  4,  and  narrower 
frontals. 


Seeing,  therefore,  that  the  present  specimen  differs  from  F.  tigris  in  precisely 
the  same  points  as  the  type  skull  of  F.  cristata ; while  it  only  differs  from  the  latter 
in  characters  that  need  not  be  of  more  than  individual  or  sexual  value,  there  is  every 
probability  that  the  two  fossil  skulls  should  be  referred  to  the  same  species ; the 
present  specimen  having  probably  belonged  to  a very  old  male. 

l Given  by  Mr.  Bose  as  8 • 1 2.  2 Given  by  Mr.  Bose  as  2 ■ 77. 
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Specific  distinctness. — The  foregoing  comparisons  clearly  show  that  the  present 
species  differs  very  widely  from  the  tiger  ; and,  though  somewhat  nearer  to  the  lion, 
and  still  nearer  to  the  jaguar,  cannot  be  referred  to  any  existing  species.  In  size 
it  was  about  equal  to  average  tigers,  but  was  distinguished  by  its  generally  stronger 
skull,  as  shown  by  the  greater  development  of  the  sagittal  crest,  wider  zygomatic 
arches,  larger  condyles,  stronger  glenoid  fossa,  longer  carnassial  tooth,  and  shorter 
muzzle;  and  was  probably  an  altogether  more  powerful  animal,  showing  in  this 
respect  an  analogy  with  the  jaguar,  which  in  proportion  to  its  size  is  the  most 
powerful  of  living  cats. 

Of  fossil  species,  the  cave  lion,  whether  it  be  regarded  with  MM.  Dawkins  and 
Sandford  as  identical  with  Fr  leo,  or  with  MM.  Filliol  and  Bourguignat  as  a distinct 
species,  differs  from  the  fossil  in  nearly  the  same  respects  as  the  existing  lion.  Of  the 
numerous  other  forms  of  Felis  which  M.  Bourguignat1  has  described  from  the 
pleistocene  of  Europe,  the  only  ones  equal  in  size  to  the  present  form  are  those 
which  he  has  named  F.  ( Tigris ) edwardsiana  and  F.  (T.)  europcea.  The  former  species 
is  founded  on  the  proportions  of  the  body  and  tail,  and  the  size  of  certain  teeth, 
which  are  said  to  differ  from  those  of  F.  spelcea.  The  second  species  is  named  on 
the  evidence  of  a humerus  and  radius.  These  very  problematical  species  do  not, 
therefore,  admit  of  comparison  with  the  Siwalik  form.  A fragmentary  maxilla  of  a 
smaller  form  which  M.  Bourguignat  designates  F.  ( Leopardus ) brachystoma 2 indicates, 
if  the  restoration  be  correct,  a palate  still  shorter  than  in  the  Indian  fossil.  From 
the  later  tertiaries  of  N.  America  Dr.  Leidy3  has  described  three  large  felines,  on  the 
evidence  of  detached  teeth  and  fragments  of  the  jaws,  and  has  named  them  F. 
augustaf  F.  atrox , and  F.  imperialis.  The  first  was  nearly  as  large  as  the  tiger,  the 
second  considerably  larger,  and  the  third  intermediate  between  the  two.  As  the 
upper  teeth  of  the  Siwalik  fossil  are  not  preserved,  it  is  impossible  to  compare  the 
latter  with  the  American  species. 

There  does  not  appear  to  be  any  other  described  species  of  Felis  which  can  be 
the  same  as  F.  cristata ; and  even  if  there  be  such,  that  name  probably  has  the 
priority. 

Fistribution. — The  three  skulls  described  above  are  the  only  remains  which  can 
be  certainly  referred  to  the  present  species ; and  were  all  obtained  from  the  typical 
Siwalik  Hills. 

Species  2:  Felis  (?  Cyntelurus)  braciiygnathus,  n.  sp.,  nobis. 

History. — In  figures  1,  la,  and  2,  2a;  of  plate  XLIII.  there  are  represented  two 
right  rami  of  the  mandible  of  a large  feline,  in  the  Siwalik  collection  of  the  British 
Museum  (Nos.  16,573  and  16,537),  previously  figured  in  the  “ F. A. S.”5  under  the 
head  of  Machcerodus  sivalensis 6 ; a reference  which  has  been  shown  to  be  incorrect  by 

1 “ Histoire  des  Felidae  Fossiles,  etc.,”  Paris,  1879.  4 Frrorim,  F.  augustus. 

2 Op.  cit.,  fig.  6.  5 Plate  Ni>  .flgs.  6>  6a;  7)  7a_ 

3 “ Extinct  Vert.  Fauna  of  Western  Territories,”  pp.  227-8.  6 “ Pal.  Mem.,”  vol.  I.,  p.  551 

K 2 
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Mr.  Bose1 ; who  referred  the  specimens  to  Felis,  with  the  suggestion  that  they  might 
belong  to  F.  cristata. 

Mandible. — The  first  of  these  two  specimens  is  nearly  complete  up  to  some 
distance  behind  the  commencement  of  the  masseteric  fossa  ; and  shows  three  cheek- 
teeth, all  broken ; the  canine ; and  two  incisors,  the  first  having  been  broken  away. 
The  second  specimen  shows  the  three  cheek-teeth,  of  which  pm.  3 is  alone  uninjured; 
and  the  alveolus  of  the  canine.  The  form  and  number  of  the  cheek-teeth  is  the 
same  as  in  living  cats;  while  the  rounded  anterior  extremity  of  the  jaw,  and  the 
absence  of  a descending  symphysial  expansion,  are  characters  of  Felis,  as  distinguished 
from  Machcerodus.  The  canine  and  incisors  in  the  first  specimen  do  not  appear  quite 
fully  protruded ; though  the  condition  of  the  cheek-teeth  indicates  that  the  animal 
to  which  it  belonged  was  nearly  adult.  There  are  no  signs  of  immaturity  in  the 
second  specimen.  In  the  following  table  the  dimensions  of  these  specimens  are 
compared  with  those  of  the  mandible  of  the  small  tiger  mentioned  on  page  321, 
and  of  an  Indian  leopard  in  the  writer’s  collection  : — 

16,573.  16,537. 

Length,  of  three  cheek-teeth  2-16  2-29 

Interval1  between  canine  and  posterior  border  of  m.  1 . 2 4 2-61 

, , ,,  ,,  ,,  pm.  3 


F.  tigris. 
2-32 


Depth  of  jaw  at  m.  1 
Length  of  pm.  3 


F.  pardus. 

1- 87 

2- 42 


0- 91 

1- 25 


0-52 

0-78 


0-68 

0-78 

0-92 

0-53 


0-96 

0-49 

0-68 

0-78 

0-55 


Antero -posterior  diameter  of  canine 

These  dimensions  show  that  the  fossil  jaws  differ  from  those  of  both  the  recent 
species  in  the  relatively  shorter  diastema,2  and  smaller  canine.  Thus  while  the 
cheek-teeth  are  nearly  as  large  as  those  of  the  tiger,  the  canine  is  no  larger  than 
that  of  the  leopard ; and  the  diastema  is  considerably  shorter  than  in  that  species. 
Another  most  important  difference  is  that  the  incisors  (fig.  la)  are  situated  consider- 
ably in  advance  of  the  canines  ; instead  of  entirely,  or  mainly,  between  them,  as  in 
all  other  living  true  cats  : this  relation  being  probably  due  to  the  very  small  size  of 
the  canines.  The  crown  of  pm.  3 has  small  fore-and-aft  talons,  with  the  main  lobe 
nearly  as  tall  as  m.  4 ; in  both  respects  differing  from  the  larger  cats,  and  agreeing 
with  some  of  the  smaller  species  like  F.  isabellina ,3  and  F.  catus.  In  respect  of  the 
exceedingly  short  diastema  and  small  canine,  the  fossils  come  nearest  to  the  cheetah 
( Cyncelurus ),4  among  living  cats  ; in  which  alone,  as  in  the  fossils,  the  length  of  the 
diastema  is  not  more  than  half  that  of  pm.  3 ; while  the  canines  have  a smaller 
diameter  than  those  of  the  lynx,  although  the  carnassials  are  considerably  larger 
than  those  of  the  latter.5  In  the  cheetah,  moreover,  the  anterior  border  of  the 

1 Op.  cit.,  p.  123. 

2 The  incomplete  protrusion  of  the  canine  in  the  first  specimen  tends  to  make  the  diastema  longer  than  in  a fully  adult 
specimen.  The  difference  in  the  length  of  JmTi  in  the  two  specimens  cannot  he  considered  more  than  an  individual  variation. 

3 In  F.  lynx  (frequently  considered  identical  with  F.  isabellina)  there  are  large  talons  to  pm.  3 (De  Blainville, 
“ Osteographie,”  Gen.  Felis,  pi.  XIV.) 

4 De  Blainville,  op.  cit.,  pis.  IX.,  XIV.  Mivart,  “ The  Cat,”  p.  429,  fig.  183.  5 Compare  De  Blainville’s  figures. 
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masseteric  fossa  is,  as  in  the  fossils,  more  sharply  defined  than  in  most  living  cats  ; 
while  the  lower  incisors  project  slightly  in  front  of  the  canine,  although  not  to  such 
an  extent  as  in  the  fossils : pm.  3 has,  however,  large  fore-and-aft  talons,  which  are 
wanting  in  the  latter. 

The  present  jaws  have  their  canines  and  diastemse  too  small  to  permit  of  their 
belonging  to  F.  cristata } The  mandible  of  F.  arvernensis,  Cr.  and  Job.,2  presents  a 
strong  resemblance  to  the  present  specimens  ; having  cheek-teeth  of  the  size  of  a 
small  tiger,  but  the  canine  smaller ; the  incisors  proj  ecting  beyond  the  latter ; a small 
diastema ; and  a sharply  defined  masseteric  fossa.  The  diastema  is,  however,  not 
quite  so  short,  while  the  talons  of  pm”  3 are  more  developed  than  in  the  fossils  under 
consideration ; these  points  being  probably  indicative  of  specific  distinctness.3 
Apparently  the  only  other  species  to  which  the  present  specimens  could  belong  is  the 
little  known  F.  hr  achy  stoma* ; but  the  canine  of  that  form  is  considerably  stouter. 

From  the  foregoing  comparisons  it  is  evident  that  the  present  specimens  indicate 
the  existence  in  the  Siwalik  epoch  of  a feline  carnivore  nearly  as  large  as  a small 
tiger,  but  readily  distinguished  by  its  shorter  jaws  and  smaller  canines.  That  it 
presented  a very  strong  resemblance  to  the  living  genus  Cyncelurus  is  certain ; but  in 
the  face  of  certain  differences  in  the  form  of  pmT3,  and  in  the  absence  of  the 
characteristic  pm.  4,  it  would  be  hazardous  to  say  that  it  belonged  to  that  genus ; and 
it  is  therefore  safer  to  refer  it  provisionally  to  the  typical  genus  Felis ; especially 
since  it  is  not  improbable  that  were  the  skull  of  this  interesting  form  known  it  might 
exhibit  characters  common  both  to  Felis  and  Cyncelurus , and,  in  conjunction  with  Fm 
arvernensis , remove  the  present  distinctions  between  the  two.  The  specific  name 
brachygnathus  may  be  appropriately  applied  to  the  Siwalik  fossil. 

Species  3 : Felis  (non.  det. ; allied  to  F.  pardus). 

Mandible. — In  figures  4,  4a,  of  plate  XLIII.  there  is  represented  the  hinder 
portion  of  the  left  ramus  of  the  mandible  of  another  Siwalik  Felis , in  the  British 
Museum,  apparently  indicating  a third  species  of  the  genus.  The  specimen  shows 
the  three  cheek-teeth,  of  which  the  two  last  are  considerably  damaged ; but  still 
sufficiently  perfect  to  show  that  the  specimen  belonged  to  a true  Felis.  The  jaw  is 
considerably  smaller  than  that  of  F.  brachygnathus , and  cannot,  therefore,  belong  to 
F.  cristata.  It  differs  from  the  former  in  the  less  well-defined  masseteric  fossa,  in 
the  more  distinct  talons  and  lower  crown  of  pm.  3 ; and  also  in  the  absence  of  any 
sign  of  the  symphysis,  which  in  that  species  commences  a short  distance  in  front  of 
the  latter  tooth.  The  diastema  of  the  present  specimen  was,  therefore,  probably 

1 The  reader  may  convince  himself  of  the  impossibility  of  these  jaws  belonging  to  F.  cristata  by  making  a tracing  of 
one  of  the  figures  and  placing  it  in  its  proper  position  on  plate  XLII. 

2 De  Blainville,  op.  cit.,  pi.  XVI. 

3 De  Blainville  was  inclined  to  refer  F.  arvernensis  to  F.  pardus  : the  diastema  is,  however,  relatively  shorter,  and  the 
crown  of  pm73  taller. 

i Bourguignat,  op.  cit.,  fig.  6. 
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long.  In  the  size  of  the  cheek-teeth  this  specimen  agrees  with  the  jaw  of  a medium- 
sized  leopard ; in  some  specimens  of  which  the  crown  of  pm.  8 is  low,  while  in  others 
m.  1 is  longer  than  pm.  4,  as  is  the  case  in  the  fossil.  The  fossil  jaw  is,  however, 
somewhat  deeper  than  in  the  leopard. 

Since  the  jaws  of  the  different  species  of  Felidce  resemble  one  another  so  closely, 
it  is  almost  impossible,  except  in  a few  particular  instances,  to  draw  from  them  any 
characters  of  specific  value ; and  it  is  accordingly  considered  inadvisable  to  assign 
any  specific  name  to  the  present  specimen  ; but  to  consider  it  merely  as  indicating  a 
third  Siwalik  cat,  probably  allied  to  the  leopard. 

Second  specimen. — There  is  in  the  British  Museum  a second  specimen  of  the  left 
ramus  of  a very  similar  mandible  (No.  48,929),  containing  the  two  last  cheek-teeth. 
It  is  of  slightly  larger  size  than  the  last  specimen,  but  may  not  improbably  be  referred 
to  the  same  species. 

Lower  canine. — In  figure  3 of  plate  XLIII.  there  is  represented  from  the  outer 
side  the  canine  tooth  of  a carnivore,  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the 
Punjab,  which  from  agreeing  with  the  corresponding  tooth  of  existing  cats,  may 
without  much  doubt  be  referred  to  the  type  genus.  From  its  highly  curved  shape, 
and  the  approximation  of  the  two  vertical  ridges  occupying  its  inner  surface,  it 
evidently  belongs  to  the  lower  jaw1 ; and  to  the  right  side.  It  does  not,  however, 
show  the  vertical  grooves  which  generally  occur  on  the  outer  side  of  this  tooth  in  the 
cats.  The  summit  of  the  crown  has  been  abraded.  In  the  following  table  the 
dimensions  of  this  tooth  are  compared  with  those  of  the  canine  of  the  small  tiger’s 
skull  referred  to  in  the  description  of  the  preceding  species : — 


Fossil.  F.  tigris. 

Antero-posterior  diameter  of  base  of  crown  ....  069  0-9 

Transverse  ,,  ,,,,,,,,  • • • • 0-54  0-58 

Height  of  crown  (restored  in  fossil) 1'3  1-45 


As  the  upper  canine  of  F.  cristata  is  larger  than  that  of  the  same  skull  of  F. 
tigris,  the  present  tooth  cannot  belong  to  the  former.  The  lower  canine  of  F. 
bracliygnatlms  is  considerably  smaller  than  the  present  specimen.  Since  the  type 
mandible  of  the  present  species  is  somewhat  deeper  than  that  of  the  leopard,  and  as 
the  second  specimen  is  rather  larger,  it  is  not  impossible  that  the  canines  of  that 
species  may  have  been  somewhat  stouter  than  in  the  leopard,  in  which  case  the 
specimen  under  consideration  may  possibly  be  referred  to  the  former : if,  however, 
this  reference  be  incorrect  it  must  be  referred  to  a new  species.  The  tooth  is  about 
equal  in  size  to  the  canine  of  the  jaguar. 

Distribution. — If  all  the  specimens  described  above  be  correctly  associated,  the 
range  of  the  present  species  extended  from  the  typical  Siwalik  Hills  to  the  Punjab. 

Species  4 : Felis  (non.  del allied  to  F.  lynx). 

Mandible. — In  figures  7,  7a  of  plate  XLIII.  there  is  represented  the  anterior 
part  of  the  left  ramus  of  a small  Felis , collected  by  Mr.  Theobald  in  the  Siwaliks  of 

l Tn  the  figure  the  specimen  is  represented  as  belonging  to  the  upper  jaw. 
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Jabi,  Punjab.  It  sliows  the  hinder  portion  of  the  alveolus  of  the  canine,  the 
complete  pm.  3,  and  the  broken  pm  A.  In  the  following  table  the  dimensions  of  this 
specimen  are  compared  with  those  of  a mandible  of  F.  isabellina , in  the  writer’s 


possession : — 

Specimen. 

Interval  between  canine  and  posterior  border  of  pm.  4 . . . . 1’2 

Length  of  diastema O' 34 

,,  ,,  pm.  3 0-35 

Height  „ „ „ 0-27 

Length  ,,  ,,  4 0‘48 

United  length  of  two  premolars 0'83 

Depth  of  jaw  at  pm.  4 0-63 


F.  isabellina. 
1:23 


0-42 

0-28 

0-52 

0-91 

0-76 


These  dimensions  are  so -close  as  to  be  well  within  the  limits  of  individual 
variation ; and  indicate  without  much  doubt  that  the  fossil  belonged  to  one  of  the 
lynxes.  Seeing,  however,  the  doubts  which  still  prevail  as  to  the  number  of  the 
existing  species,  it  would  be  unwise  to  attempt  to  determine  the  species  of  the 
Siwalik  form.  The  talons  of  pm.  6 in  the  latter  are  intermediate  between  those  of 
the  isabelline  lynx  noticed  above,  and  those  of  the  northern  lynx  figured  by  De 
Blainville.1 


Species  5 : Felis  subhimalayana,  Bronn. 

History. — In  1830  Messrs.  Baker  and  Durand  described2  the  cranium  and  other 
remains  of  a small  Felis  from  the  Siwaliks,  without  assigning  to  them  any  specific 
name.  In  Bronn’s  “Index  Palseontologicus  ” these  specimens  are  named  F. 
subhimalayana* ; and  this  name  is  accordingly  adopted  here. 

Cranium. — The  cranium  is  represented  in  figure  1 of  plate  XXVII.  of  Messrs. 
Baker  and  Durand’s  memoir,  and  is  now  preserved  in  the  Science  and  Art  Museum, 
Dublin.4  It  is  described  as  being  somewhat,  though  not  extensively  mutilated ; 
“ the  most  serious  injury  which  it  has  sustained  (as  being  the  only  one  affecting  the 
measurements)  is  a slight  crush  or  compression,  which  has  apparently  flattened  and 
perhaps  widened  the  cranium.  The  proportions  between  the  fossil  and  the  skull  of 
a common-sized  wild  or  jungle  cat  are  as  follows : — the  length  from  posterior  border 
of  occipital  condyle  to  anterior  of  canine  tooth  being  taken  as  the  unit  or  modulus, 
and  those  dimensions  only  being  collated  in  which  the  greatest  differences  exist. 
The  two  skulls  may  be  understood  to  correspond  in  other  respects. 

Recent.  Fossil.  , 


“ Length  from  posterior  of  occipital  condyle  to  anterior  of  canine,  assumed  at  . . 1,000  1,000 

“ Greatest  breadth  of  cranium  opposite  mastoid  processes 508  581 

“ Height  of  occiput  from  lower  margin  of  foramen  magnum  to  top  of  transverse  ridge  . 301  333 

“ Breadth  across  occipital  condyles 267  346 

“ Ditto  measured  externally  across  most  prominent  part  of  line  of  molars  . . . 427  489 

“ Height  of  orbit  perpendicular,  but  measured  in  plane  of  orbits  margin  . . . 289  257 


“ The  differences  o’f  proportion  exhibited  by  the  foregoing  comparison  are,  as 
will  be  seen,  very  trivial.  Setting  aside  the  excess  in  breadth  of  the  fossil  cranium, 

1 Op.  cit.,  pi.  XIV.  3 Errorim,  subiiimalayamis. 

2 ‘ Journ.  Asiat.  Soc.  Beng-.,’  vol.  V.,  p.  579.  4 No.  47,  among  Dr.  Beattie’s  fossils. 
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which  if  not  caused  is  at  least  exaggerated  by  the  crush  before  alluded  to,  there  will 
remain  no  remarkable  points  of  difference  except  in  the  diameter  of  the  orbit,  and 
in  the  width  across  the  occipital  condyles.  The  other  variations  probably  exceed 
not  what  may  be  detected  in  the  skulls  of  cats  belonging  to  one  species.  There  are, 
however,  other  differences  of  form  not  shown  by  the  measurements.  In  the  fossil 
the  post-orbitary  apophysis  is  more  developed,  and  the  plane  of  its  projection  more 
continuous  with  that  of  the  frontal  bone.  The  depression  of  the  cranium  in  rear  of 
this  apophysis  is  more  marked,  giving  a greater  width  to  the  temporal  fossae ; — the 
bullae  of  the  mastoid  processes  have  a more  elongated  shape,  and  are  generally 
larger ; and  the  transverse  ridge  of  the  occipital  bone  is  higher,  sharper,  and  more 
prominent.  All,  or  nearly  all,  these  differences  tend  to  show  a greater  development 
of  the  predaceous  faculties  in  the  fossil ; — a circumstance  further  confirmed  by  the 
teeth,  which,  though  corresponding  in  form  with  those  of  the  [jungle]  cat,  are 
somewhat  longer  and  stronger.” 

In  the  limited  time  during  which  this  specimen  was  under  the  present  writer’s 
observation,  the  only  skull  with  which  it  could  be  compared  was  one  of  the  domestic 
cat ; with  which  it  was  found  to  agree  in  size.  From  this  agreement  it  is  inferred 
that  the  recent  skull  with  which  it  was  compared  by  Messrs.  Baker  and  Durand  was 
that  of  F.  bengalensis , rather  than  the  larger  F.  cliaus  ; both  being  commonly  known 
in  India  as  ‘jungle  cats.’  The  relatively  large  size  of  the  occipital  condyles  of  the 
fossil  is  equally  noticeable  when  compared  with  the  skulls  of  the  domestic  cat,  F. 
catus , and  F.  maniculata. 

The  present  cranium  proves  the  existence  in  the  Siwaliks  of  a fifth  species  of 
cat,  of  the  size  of  F.  bengalensis,  but  specifically  distinct.  Although  it  has  not  been 
found  practicable  to  make  an  exhaustive  comparison  between  the  fossil  and  the  skulls 
of  other  small  cats,  yet  the  Siwalik  form  is  probably  specifically  distinct,  and  may 
retain  the  name  of  F.  subhimalayana. 

Mandible  and  limb-bones d — In  figure  2 of  the  above-quoted  plate  of  Messrs.  Baker 
and  Durand’s  memoir  there  are  represented  certain  limb-bones  associated  with  a 
nearly  complete  ramus  of  the  mandible  of  a small  cat.  The  mandible,  it  is  said, 
“ must  have  belonged  to  a smaller  animal  than  that  which  owned  the  cranium  : it 
presents  no  difference  worthy  of  note  from  that  of  the  wild  cat.  The  humerus, 
tibia,  and  metatarsal  bones  forming  part  of  this  interesting  little  group,  appear  to 
have  belonged  to  the  same  individual  as  the  lower  jaw;  and  it  is  curious  enough  that 
their  present  bond  of  connection  is  the  plate  of  a small  crocodile.  The  carpal, 
metacarpal,  and  phalangeal  bones  represented  in  figure  3 [of  the  same  plate], 
obtained  from  the  same  locality,  though  at  different  times,  may  possibly  be  assigned 
to  the  same  or  a similar  animal.”  It  is  most  probable  that  these  specimens  belong  to 
the  same  species  as  the  cranium. 

Distribution. — All  the  remains  described  above  were  obtained  from  the  typical 
Siwalik  Hills. 


1 Those  specimens  arc  also  in  the  Dublin  Museum  (No.  4S). 
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Species  6 : Felis  (?)  sp.,  non.  det. 

Upper  canine. — In  figure  5 of  plate  XLV.  there  is  represented  the  left  upper 
canine  of  a small  carnivore ; which  from  its  flattened  inner  surface  must  almost 
certainly  have  belonged  to  some  cat-like  animal.  The  summit  of  the  crown  has 
been  broken  away.  The  flattened  inner  surface  is  bounded  by  distinct  vertical 
ridges  ; but  the  vertical  grooves  present  on  both  sides  of  the  upper  canines  of  most 
species  of  Felis,  are  absent.  These  grooves  are,  however,  wanting  on  the  inner  side 
of  the  canines  of  F.  isabellina  ; generally  on  both  sides  of  those  of  F.  caracal 1 ; and 
always  in  Cyncelurus 2 ; so  that  on  this  account  there  is  no  reason  why  the  specimen 
si' oul d not  belong  to  Felis. 

Of  the  known  Siwalik  cat-like  animals  the  only  ones  to  which  the  present 
specimen  could  possibly  belong  are  (1st)  the  liysenoid  Lepthycena  ; (2nd)  FEluropsis ; 
(3rd)  JElurogale ; (4tli)  Felis,  sp.  3 ; (5th)  Felis,  sp.  4 ; and  (6th)  F.  subhimalayana. 
Of  these,  Nos.  2,  3,  and  4 had  canines  considerably  larger  than  the  present  specimen ; 
while  in  No.  6 the  canine  is  much  smaller.  Judging  from  the  depth  of  the  jaw  of 
No.  1,  it  is  probable  that  the  canine  of  that  species  was  larger  than  the  present 
tooth  ; and  since  the  canine  of  the  isabelline  lynx  is  also  considerably  larger,  it  is 
probable  that  the  same  was  the  case  with  the  allied  No.  5.  It,  therefore,  seems  that 
the  tooth  under  consideration  indicates  another  species  of  feline  animal,  which  may 
be  provisionally  referred  to  the  type  genus.  This  species  was  probably  about  equal 
in  size  to  F.  ssrval ; or  intermediate  between  the  fourth  Siwalik  species  and  F. 
subhimalayana.  The  antero-posterior  diameter  of  the  base  of  the  crown  of  the  canine 
is  032 ; and  the  transverse  026. 


Genus  IV. : MACH^RODUS,3  Kaup. 

Synonyms.  Agnotherium,  Kaup  [in  parte).  Cultridens , Cr.  Drepanodon,  Auct. 

Meganihereon,  Auct.  Smilodon,  Lund.  Steneoclon , Cr.  Trucifelis, 
Leidy  ( teste  Cope). 

Distribution  and  number  of  species. — The  most  important  dental  and  cranial 
characters  of  the  genus  having  been  already  mentioned,  it  only  remains  to  consider 
its  distribution  and  the  number  of  species.  In  time  it  apparently  commenced  in 
the  upper  eocene  and  continued  down  to  the  pleistocene  period : the  miocene 
and  (probably  eocene)  species  had  smaller  canines  than  those  of  the  later  periods.4 

l Busk,  ‘Trans.  Zool.  Soc.  Lon.,’  vol.  X.,  p.  83.  2 Owen,  “ Odontography,”  p.  487. 

3 The  name  Machmrodu « [Mnchairodus)  was  given  hy  Kaup  in  1833  (“  0>s.  Foss.  Mu*.  d.  Darmstadt  ”),  on  the  assumption 
that  the  remains  on  which  it  was  founded  belonged  to  a reptile.  Steneodon  was  published  in  the  same  year  (E.  Geof.,  ‘ J> '<y. 
Eneychptsd.,'  1833):  and  Cultridens  apparently  in  1837  (Huot,  “ Xonreau  Coins  elementaire  de  Giilogu,"  Paris).  Drepanodon 
and  Mrgauthe<  eon,  which  are  usually  cited  respectively  as  Nesti  and  Croizet,"  were  assigned  merely  as  specific  names  and  have 
no  claim  to  stand  for  the  genus  ( Vide  Gaudry,  “ An.  Foss,  et  Geol  de  I'Atliqxe,"  pp.  106,  108).  The  question  of  priority  lies, 
therefore,  entirely  between  Machoerodus  and  Steneodon  ; this  has,  however,  been  overriden  hy  the  universal  acceptance  of  the 
former. 

4 The  allied,  hut  highly  specialized,  eocene  genus  Ettsmilus  is  apparently  a very  remarkable  exception  to  this  generalization. 
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In  space  the  genus  had  a very  wide  distribution,  being  found  all  through  America, 
in  a great  part  of  Europe,  and  northern  India. 

The  following  list  comprizes  the  best  known  species  (exclusive  of  the  Indian), 
with  their  more  important  synonomy  : — 

1.  Macelerodus  cultridens1  (Cuv.)  Up.  miocene  to  up.  pliocene,  Europe. 


Agnotherium  antiquum,  Kaup  {in  parte). 
Cultridens  arvernensis,  Cr. 

Drepanodon  aphanista,2  Cope. 

Felis  aphanista,  Kaup. 

,,  cultridens,  Brav. 

,,  gigantea,  Wag. 


Machcerodus  leoninus,  Roth,  and  Wag. 
Meganthei'eon  aphanista,  Pom. 

,,  cultridens,  Pom. 

Steneodon  cultridens,  Croiz. 

Ursus  cultridens,  Cuv. 

arvernensis,  Cr.  and  Job. 


Ursus  drepanodon,  Nesti. 


A large  species  about  the  size  of  the  jaguar  : pm.  3 large,  with  two  fangs  : canine  stout : 
descending  symphysial  expansion  comparatively  small : anterior  lobe  of  pm  4 with  a 
small  talon. 


2.  Machcerodus  fatalis3  (Leidy).  Pliocene,  N.  America. 

Trucifelis  fatalis,  Leidy.  Smilodon  fatalis , Cope. 

A very  large  imperfectly  known  species,  allied  to  M.  necator-,  the  anterior  lobe  of  pm.  4 
, is  double. 

3.  Machcerodus  gracilis  (Cope).4  Pliocene,  N.  America. 

Smilodon  gracilis,  Cope. 

A smaller  species  than  the  last,  only  known  by  the  canine,  which  is  remarkable  for  its 
great  basal  compression. 

4.  Macelerodus  insignis,  Filh.5  Quercy  phosphorites. 

A large  species  only  known  by  fragments  of  the  canine. 

5.  Machcerodus  latidens,  Owen.6  Pliocene  and  low.  pleistocene,  Europe. 

Drepanodon  latidens,  Cope.  Megantkereon  latidens,  Pom. 

A large  species,  of  which  the  canines,  as  compared  with  those  of  Ml  cultridens,  are 
“ thinner  or  more  compressed  in  proportion  to  their  breadth,  especially  at  the 
anterior  part  of  the  crown,  which  is  sharper.” 

6.  Machcerodus  meganthereon7  (Cr.  and  Job).  Pliocene)  Europe. 

Drepanodon  meganthereon,  Cope.  Meganthereon  brevidens,  Pom. 

Felis  meganthereon,  Cr.  and  Brav.  „ macrocelis,  Pom. 

Steneodon  meganthereon,  Cr. 

A species  of  the  size  of  the  leopard,  with  the  dentition  of  the  type  of  that  of  M. 
cultridetis  (of  which  it  is  regarded  by  Gervais8  as  a smaller  race).  The  descending 
symphysial  expansion  is  more  developed,  and  extends  farther  back. 

1 Gaudry,  “ Animaux  Fossiles  et  Geologie  de  l’Attique,”  p.  105.  Wagner,  ‘ Abhand.  bayer  Akad  ,’  vol  VII.,  pi.  IX. 

2 Regarded  by  Prof.  Cope  as  distinct : the  synonomy  here  given  is  that  of  Prof.  Gaudry. 

3 Cope,  ‘ Amer.  Nat.,’ vol.  XIV.,  p.  857.  4 Ibid.  5 “ Phosphorites  du  Quercy,”  p.  152. 

6 “British  Fossil  Mammals  and  Birds,”  p.  179.  Falconer  (“Pal.  Mem.,”  vol.  II.,  p.  459)  doubted  the  specific 
distinctness  of  this  form  from  M.  cultridens. 

7 Gaudry,  “ Les  Enchainements  du  Monde  Animal— Mam.  Tert.,”  p.  221,  fig.  293.  Gervais,  “Zool.  et  Pal.  Fran5.,” 
pi.  27,  figs.  1,  2 (M.  cultridens). 

8 “ Zool.  et  Pal.  Franc;.,”  p.  231. 
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7.  Macherodus  necator,1  Gerv.  Pleistocene,2  S.  America. 

Smilodon  necator,  Cope. 

A large  species,  distinguished  by  the  absence  of  pm.  3,  the  complex  character  of  the 
talons  of  pmTi,  and  the  large  descending  symphysial  expansion. 

8.  Macioerodus  neog/eus3  (Lund).  Pleistocene, 

S.  America. 

Felts  smilodon,  Blain. 

Hyaena  neogcea,  Lund . 

Meganlhereon  neogceus,  Pomel. 

Smilodon  neogceus,  Cope. 

,,  populalor,  Lund. 

A species  as  large-  as  a tiger,  distinguished  by  the  huge  size 
of  the  canines  (fig.  17) ; the  large  size  and  complexity  of 
pm-  4 and  pLiTJ ; the  small  size  and  single  fang  of  pm.  3 ; 
and  the  comparatively  small  descending  symphysial  ex- 
pansion : the  tubercle  of  pm.  4 is  distinct.  , Fig-  17.  Machcerodus  ncoyceus  (Lund)  : 

cranium,  much  reduced. 

9.  Macilzerodus  palmidens4  (Blain).  Mid.  miocene,  Europe. 

Drepanodon  palmidens,  Cope.  Felis  palmidens,  Blain. 

Meganlhereon  palmidens,  Pom. 

A small  species,  about  equal  in  size  to  the  cheetah  ( Cynoelurus ) : canines  small ; lower 
premolars  with  large  fore-and-aft  talons. 

As  doubtful  or  insufficiently  determined  species  tliere  may  be  mentioned  M. 
ogygius  (Kaup)=A<2As  ogygia , Kaup,  and  F.  antiqua , Blain.,  in  parte  {teste  Pomel) : 
and  M.  maritimus,  Gerv. , mentioned  by  Prof.  Cope.5  M.  perarmatus , Gerv.,=M. 
bidentatus,  is  the  same  as  Eusmilus  : while  M.  brachyops,  Cope,  M.  cerebralis , Cope,  M. 
occidentalism  Leidy,  M.  primcevus , Leidy,  and  M.  strigidens,  Cope,  constitute  the  genus 
Iloplophoneus.  M.  f Meganthereon)  hycenoides , Pom.,  is  a Pseudcelurus-. 

Species  1 : Macilerodus  sivalensis  (Falc.  and  Caut.). 

Synonyms.  Drepanodon  sivalensis , Falc.  and  Caut.  Meganthereon  falconeri , Pomel. 

Machcerodus  falconeri , Gaudry . 

History  of  Siwalik  machcerodonts. — Apparently  the  earliest  mention  of  the 
occurrence  of  a species  of  Machcerodus  in  the  Siwaliks  is  in  Prof.  Owen’s 
“ Odontography  ”6  (published  from  1840  to  1845),  where  the  fact  is  simply  recorded. 
The  next  notice  occurs  in  the  “ British  Fossil  Mammals  and  Birds”7  (1846)  ; where 
some  of  the  teeth  are  described;  but  no  specific  name  is  assigned.  In  1853  Pomel8 
assigned  the  name  Meganthereon  falconeri  to  certain  remains  of  a Siwalik  Machcerodus* ; 

1 Cope,  ‘ Amer.  Nat.,’  vol.  XIV.,  p.  855,  figs.  12,  13,  14. 

2 It  appears  preferable  to  class  the  S.  American  drift  and  cavern  deposits  as  pleistocene,  rather  than  with  Prof.  Cope,  as 
pliocene.  The  former  view  is  adopted  by  Prof.  J.  Le  Conte  (“  Elements  of  Geology,”  New  York,  1879,  p.  544). 

3 Blainville,  “ Osteographie,”  Genus  Felis,  pi.  XX.  6 P.  491. 

4 Ibid,  pi.  XVII.  7 Pp.  178-9. 

3 Op . cit.,  p.  853.  8 “ Cat.  Meth.  Vert.  Foss.,”  etc.,  p.  56. 

9 The  specimens  are  stated  to  he  in  the  collection  of  the  Geological  Society  of  London  ; hut  this  is  probably  erroneous. 

M 2 
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giving  the  following  characters  to  the  species,  viz. : — “ TJn  peu  plus  grand  que  la  M. 
macrocelis  [meganthereon]  ; la  canine  est  mediocre;  la  premiere  molaire  inf erieure  sans 
denticules  et  petite;  la  dilatation  sijmphysaire  tres-grande ;”  In  1862  Prof.  Gaudry1 
mentioned  the  Siwalik  form  under  the  name  of  M.falconeri.  In  the  “ Palaeontological 
Memoirs,”2  published  in  1868,  certain  remains  of  the  Siwalik  Machcerodus  in  the 
British  Museum,  previously  figured  in  unpublished  plate  N.  of  the  “ F.A.S.,”3  are 
named  Drepanodon  (. Machcerodus ) sivalensis,  F.  and  C.:  two  of  the  specimens  being 
figured  in  the  first  volume4 ; and  a note  by  Dr.  Falconer  added.5  In  1880  Mr.  Bose6 
described  the  Siwalik  machserodonts  in  the  British  Museum,  and  referred  them  to 
two  species,  under  the  names  of  M.  sivalensis , F.  andC.,  and  Bose,  and  M.  palceindicus, 
Bose  : some  of  the  specimens  on  which  the  latter  was  founded  having  been  added  to 
the  National  Collection  after  the  death  of  Dr.  Falconer,  and  others  having  been 
included  in  Mi  sivalensis.  Later  on  in  the  same  year  the  present  writer  expressed 
his  opinion7  that  these  two  species  were  not  distinct ; the  differences  between  the 
remains  on  which  they  were  founded  being  due  to  sex  or  age.  Mr,  Bose8  subsequently 
reasserted  his  own  views ; which,  from  being  confirmed  by  specimens  recently 
examined  by  the  present  writer,  are  now  adopted. 

It  will  thus  be  seen  that  the  name  Machcerodus  falconeri  (Pom.)  has  the  priority 
over  M.  sivalensis.  Since,  however,  no  figures  were  given  with  Pomel’s  notice,  which 
is  exceedingly  meagre  and  insufficient,  while  Falconer’s  name  has  met  with  very 
general  acceptation,  it  seems  better  that  the  latter  should  be  adopted. 

Type  mandible. — Since  the  characters  of  the  lower  jaw  show  more  clearly  than 
the  other  remains  the  distinction  between  the  present  and  the  next  species,  it  will  be 
better  in  both  cases  to  commence  with  the  description  of  the  'mandible.  In  figures 
4,  4a  of  plate  XLIY.  there  is  represented  a part  of  the  left  ramus  of  the  mandible 
of  a Siwalik  Machcerodus  in  the  British  Museum,  named  M.  sivalensis  in  the  “ F.A.S.”9 ; 
which  may  be  taken  as  the  type  specimen.  This  jaw  is  the  one  alluded  to  by  Prof. 
Owen10  as  indicating  a species  as  large  as  the  jaguar ; and  shows  pm.  4,  m.  1,  and  the 
broken  base  of  pm.  with  the  commencement  of  the  descending  sympliysial 
expansion.  The  latter  commences  a short  distance  in  advance  of  pm.’  a ; and 
descends  very  rapidly,  with  a straight  inferior  border,  indicating  that  when  complete 
the  whole  expansion  was  large.  The  first  tooth  (pm.  a)  is  inserted  by  one  fang,  and 
must  have  been  relatively  small : pm.  4 is  remarkable  for  the  height  and  extreme 
backward  inclination  of  its  crown : it  slightly  overlaps  m.  i,  and  has  large  fore-and- 
aft  talons  ; the  latter  being  biscuspid.  The  carnassial  is  of  the  normal  type  ; with 
a very  large  posterior  lobe. 

Second  specimen. — In  figure  5 of  the  same  plate  there  is  represented  a fragment 

1 “ Animaux  Fossiles  et  Geologie  de  l’Attique,”  p.  113.  6 ‘ Quart.  Journ.  Geol.  Soc.,’  vol.  XXXVI.,  pp.  122-5. 

2 Vol.  I.,  p.  550.  7 ‘Eecords,’  vol.  XIV.,  p.  63. 

3 Preserved  in  tlie  British.  Museum,  and  now  reproduced  in  autotype.  8 Ibid,  p.  266. 

4 Plate  XXV.,  figs.  5 and  6.  9 Plate  N.,  figs.  4,  4a. 

5 “ Pal.  Mem.,”  vol.  II.,  p.  456.  10  “ Brit.  Foss.  Mamm.  and  Birds,”  p.  179. 
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Fig.  18.  Machcerodus  sivalensis  (Falc. 
and  Caut.).  Outer  view  of  left  ramus 
of  mandible  of  a male ; from  the  Siwaliks. 
Dublin  Museum. 

haying'  been  chipped  away. 


of  the  right  ramus  of  a precisely  similar  mandible,  obtained  from  the  Siwaliks  of 
the  Riirki  neighbourhood,  and  now  in  the  Indian  Museum.1  It  shows  the  three 
cheek-teeth,  the  summit  of  the  main  lobe  of  pm  4 being  broken  off  : pm.  3 is  very 
small,  inserted  by  a single  fang,  and  haying  a sub-conical  crown,  with  a minute  hind 
talon.  There  is  a rudiment  of  a talon  to  m.  1. 

Third  specimen. — In  figures  8,  8a  of  plate  N.  of  the  “ F.A.S.”  there  is  represented 
a fragment  of  the  left  ramus  of  a mandible,  with  the  three  cheek-teeth ; correspond- 
ing in  all  respects  with  the  last  specimen.  This  jaw  is  in  the  Siwalik  collection  of 
the  British  Museum  (No.  16,554). 

Fourth  specimen. — In  the  accompanying  woodcut  (fig.  18)  there  is  represented 
the  nearly  complete  left  ramus  of  the  mandible 
of  a Siwalik  Machcerodus  in  the  Dublin  Museum.2 
Posteriorly  it  is  complete,  with  the  exception  of 
the  coronoid  process  ; while  anteriorly  it  is  broken 
through  the  symphysis:  it  shows  part  ,of  the 
alyeolus  of  the  canine,  and  the  greater  portion  of 
the  descending  expansion.  The  three  cheek-teeth  are 
preserved  ; but  in  a more  or  less  broken  condition  ; 
a large  part  of  the  outer  surfaces  of  pm.  4 and  ml 
These  teeth  agree  with  those  of  the  preceding 
specimens,  with  the  exception  that  pm  4,  though  still  small,  is  inserted  by  two 
distinct  fangs.  The  angular  process  and  condyle  agree  in  structure  with  those  of 
Felis.  The  basal  portion  of  the  coronoid  process  (cr.)  is  extremely  short  antero- 
posteriorly,  indicating  the  small  size  of  that  process,  and  that  the  skull  had  a 
prolonged  zygomatic  process,  as  in  M.  neogceus  and  M.  necator.  The  descending 
sympliysial  expansion  commences  some  distance  in  advance  of  pm.  3,  and  descends 
very  suddenly  ; its  posterior  border  being  straight,  and  forming  an  angle  of  about  45° 
with  the  inferior  border  of  the  horizontal  ramus.  When  complete  this  expansion  must 
have  been  large  ; indicating  the  existence  of  a long  upper  canine.  The  diastema 
appears  to  have  been  of  medium  length. 

Compared  with  the  specimen  represented  in  plate  XLIV.,  fig.  4,  it  will  be  seen  that 
the  posterior  border  of  the  descending  sympliysial  expansion  forms  a smaller  angle 
with  the  inferior  border  of  the  horizontal  ramus ; and  it  seems  probable  that  the 
whole  sympliysial  expansion  in  the  former  was  not  produced  interiorly  to  such  an 
extent  as  in  the  Dublin  specimen : as,  however,  the  two  jaws  agree  in  all  other 
respects  there  can  be  little  doubt  of  their  belonging  to  the  same  species.  Since  the 
depth  of  the  sympliysial  expansion  is  generally  correlated  with  the  size  of  the 
canines,  and  as  it  is  probable  that  these  were  larger  in  the  males  than  in  the  females 
of  the  same  species,  it  seems  highly  probable ■ that  the  Dublin  mandible  should  be 

1 Obtained  by  exchange  -with  the  Kurki  Museum. 

2 One  of  the  specimens  purchased  from  Dr.  Beattie  (No.  49). 
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regarded  as  that  of  a male,  and  the  British  Museum  specimen  as  that  of  a female. 
This  is  confirmed  by  the  larger  size  of  the  cheek-teeth  in  the  former. 

Comparisons. — In  the  following  table  the  dimensions  of  the  four  specimens 


described  above  (taken  in  the  same 

order)  are 

compared  with  those  of  the 

mandibles 

of  M.  meganthereon  and  M.  neogceus  : 

: — 

M.  meganthereon. 

M.  sivalensis. 

M.  neogaeus. 

Interval  between  condyle  and  canine 

5-53  (?) 

7-0 

Length  of  diastema  ..... 

1-43 

1-47  (?) 

2-68 

§5pace  occupied  by  cheek-teeth  . . 

1-9 

2-2 

2-2 

2-03 

2-43 

2-73 

Depth  of  jaw  in  front  of  pm.  3 

1-18 

1-35 

115 

„ „ „ atm.  1 

1-2 

M8 

1-35 

1-36 

1-41 

1-57 

Transverse  diameter  of  condyle 

1-6 

Length  of  pm.  3 

0-39 

0-4  (?) 

0-32 

0-37 

0-44 

0-33 

,,,,,,  4 

0-85 

0-84 

0-8 

0-94 

113 

Width  „ „ 

(-•41 

0-4 

0-53 

Length  ,,  m.  1 

0-71 

0 98 

1-02 

0-9 

1-02 

114 

These  dimensions  indicate  that  M.  sivalensis  was  intermediate  in  size  between 
the  other  two  species.  The  carnassial  of  the  smallest  specimen  is  about  equal  in  size 
to  that  of  a small  tiger ; but  is  rather  larger  in  the  other  specimens,  in  which  the 
jaw  is  shorter  than  in  the  tiger  : the  animal  was,  therefore,  probably  intermediate  in 
size  between  the  tiger  and  jaguar,  and  had  relatively  large  cheek-teeth. 

Compared  with  the  species  in  the  list  on  pages  156-7,  the  present  species  in 
respect  of  mandibular  characters  is  distinguished  from  M.  cultridcns  by  its  inferior 
size ; by  the  lesser  development  of  the  coronoid  process  and  the  descending  symphysial 
expansion  ; the  smaller  pm.  3 ; and  the  more  oblique  direction  of  the  lobes  of  pnEY. 
As  the  mandibles  of  the  species  marked  Nos.  2,  3,  4,  and  5 are  unknown,  comparisons 
are  impossible.  M.  meganthereon  is  distinguished  by  its  smaller  size ; by  the  larger 
development  of  the  coronoid  process ; and  by  the  more  backward  extension  of  the 
descending  mandibular  expansion,  the  posterior  border  of  which  has  not  such  a 
sudden  separation  from  the  inferior  border  of  the  horizontal  ramus  : pm.  ’3  apparently 
agrees  in  relative  size  with  the  corresponding  tooth  of  M.  sivalensis 1 ; but  the  hind 
talon  of  pm.  4 is  less  complex  than  in  the  latter.  M.  necator  is  distinguished  by  the 
absence  of  pm.  3 ; but  the  form  of  the  symphysial  expansion,  and  of  the  other 
cheek-teeth  appears  to  be  very  similar  in  the  two.  M.  palmidens  is  broadly 
distinguished  by  its  inferior  size,  and  the  complex  talons  of  pm.  3.  M.  neogceus , 
besides  its  superior  size,  differs  by  the  relatively  smaller  size  of  its  descending 
symphysial  expansion ; but  agrees  in  the  proportionate  size  and  structure  of  the  cheek- 
teeth ; pm.  3 being,  however,  frequently  somewhat  smaller.  The  Siwalik  jaw  agrees 
with  both  the  S.  American  species  in  its  small  coronoid  process. 

It  appears,  therefore,  judging  from  the  characters  of  the  mandible,  that  M. 
sivalensis  is  distinct  from  such  of  the  described  forms  with  which  it  can  be  compared ; 
but  comes  nearest  in  some  respects  to  M.  meganthereon , and  in  others  to  M.  necator 
and  M.  neogceus  ; the  characters  allying  it  with  the  latter  being,  as  will  be  shown 
below,  of  the  most  importance. 

l In  M.  meganthereon  this  tooth  is  inserted  by  two  fangs  ; in  the  Siwalik  form  it  may  have  either  one  or  two. 
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pm.  4 


Fig.  19.  Machcerodus 
sivalensis  (Falc.  and 
Caut . ) . Hinder  cheek  - 
teeth : from  the  Siwaliks. 
British  Museum  (No. 
39,730).  i. 


Maxilla. — In  plate  XLIV.,  fig.  2,  there  is  represented  from  the  external  aspect 
the  left  maxilla  of  a machserodont  in  the  Siwalik  collection  of  the 
British  Museum,  apparently  belonging  to  the  present  species.1 
The  accompanying  woodcut  (fig.  19)  represents  the  palatal  aspect 
of  the  two  hinder  cheek-teeth  of  the  same  specimen.  In  this 
maxilla  three  cheek-teeth  are  present;  viz .,  pm. 3,  pm. 4,  and  m.  1 . 
The  first  of  these  is  not  fully  protruded  (indicating  the  sub-adult 
age  of  the  animal) ; and  is  remarkable  for  its  unusually  small 
size  (showing  that  the  specimen  cannot  belong  to  a Felis) ; it  is 
inserted  by  two  fangs,  and  has  no  distinct  talons.  The  carnassial 
has  a small  talon  in  advance  of  the  first  lobe  (the  summit  of  which 
is  broken) : the  three  lobes  have  much  the  same  proportions  as  in 
Felis ; but  the  whole  crown  is  relatively  narrower,  and  the  inner 
tubercle'  reduced  in  size,  and  not  extending  so  far  forward  as  in  that  genus.2  The 
form  of  this  tooth  indicates  that  the  specimen  should  be  referred  to  Machcerodus. 
The  true  molar  is  a very  small  tooth  with  an  oval  crown.  The  dimensions  of  this 
specimen  are  as  follows,  viz. : — 

Length  of  pm.  3 ....  0-45  Antero -posterior  diameter  of  m.  1 . 0 ■ 1 5 

,,  ,',  ,,  4 . . . l-3  Transverse  ,,  ,,  ,,  ,,  . 0'27 

Since  the  length  of  pm.  4 is  equal  to  that  of  the  corresponding  tooth  of  the 
small  tiger’s  skull  referred  to  above ; and  since  the  length  of  the  two  first  cheek- 
teeth bears  the  same  proportion  to  the  length  of  the  lower  cheek-teeth  of  M. 
sivalensis  as  obtains  in  the  corresponding  parts  of  M.  meg  anther  eon,  the  present 
specimen  may  be  pretty  certainly  referred  to  a small  individual  of  the  former  species. 
That  species  is,  therefore,  distinguished  from  all  the  other  forms  of  which  the  skull 
is  known,  with  the  exception  of  M.  meg  anther  eon,  by  the  small  size  of,  and  absence 
of  talons  to,  pm.  3.  This  is  very  noteworthy,  since  in  both  M.  neogceus  and  M.  necator 
the  same  tooth  has  distinct  fore-and-aft  talons.  The  upper  carnassial  of  the  former 
is  distinguished  from  the  Siwalik  tooth  by  the  reduplication  of  its  anterior  lobe ; a 
similar  character  also  prevailing  in  M.  fatalis ; but  in  M.  necator  this  tooth  has  the 
same  structure  as  in  the  Siwalik  species.  The  carnassial  of  M.  megantliereon  is  also 
very  similar  to  that  of  the  Siwalik  species ; its  inner  tubercle  being  very  small. 
The  minute  size  of  m.  1 in  M.  sivalensis  distinguishes  it  from  M.  neogceus : in  M. 
necator , according  to  Prof.  Cope’s  figure,  this  tooth  is  absent. 

Maxilla  of  a cub. — In  figures  1,  la  of  plate  XLIV.  there  is  represented  the  right 
maxilla  of  a Siwalik  Machcerodus  cub,  in  the  British  Museum,  showing  the  milk 
dentition.3  The  teeth  present  are  the  broken  canine,  and  the  carnassial  (mm.  3)  • 

1 This  specimen  is  also  represented  in  the  “ F.A.S.,”  pi.  N.,  figs.  5,  5a  ; and  is  described  in  Mr.  Bose’s  memoir  (op.  at., 
p.  124). 

2 Mr.  Bose  states  that  this  tubercle  is  absent. 

3 This  specimen  is  also  figured  in  the  “ F A.S.,”  pi.  N.,  figs.  3,  3a  ; and,  from  the  palatal  aspect,  in  fig.  5 of  the  plate 
accompanying  Mr.  Bose’s  memoir. 

N 2 
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behind  which  there  is  the  alveolus  of  the  milk-tubercular  (mm.  4).1  The  portion  of 
the  canine  still  remaining  is  serrated  on  its  posterior  edge,  and  laterally  compressed, 
with  the  inner  surface  flat,  and  the  outer  convex  : when  complete  it  must  have  been 
relatively  large,  and  considerably  curved.  The  alveolus  of  mm.  4 is  relatively  large, 
as  in  the  cubs  of  Felis.  The  milk-carnassial  is  almost  an  exact  replica  in  miniature 
of  the  permanent  carnassial  of  M.  sivalensis ; with  the  exception  of  the  almost  total 
disappearance  of  the  internal  tubercle.  From  this  fact,  and  the  circumstance  that 
the  relative  proportions  of  mm.  3 and  pm.  4 in  this  specimen  and  the  adult  maxilla  of 
M.  sivalensis , are  the  same  as  those  existing  between  mm.  3 and  pm.  4 in  Felis  tigris , it 
may  be  taken  as  certain  that  the  present  specimen  belongs  to  the  former  species. 

Canine. — In  figure  6 of  plate  XLIV.  there  is  represented  the  lower  part  of  a 
tooth,2  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab,  which  there  is  every 
reason  to  believe  is  the  permanent  right  upper  canine  of  the  present  species.  The 
tip  of  this  tooth  has  been  broken  off ; and  the  whole  crown  is  so  rolled  that  any 
serration  of  its  edges  that  may  have  existed  has  disappeared.  The  crown  is  laterally 
compressed,  with  the  inner  surface  flat,  and  the  outer  convex : the  anterior  border  is 
strongly  convex,  and  the  posterior  concave.  On  the  latter  border  there  is  a well- 
marked  groove,  externally  to  the  trenchant  edge,  which  disappears  towards  the 
extremity  of  the  tooth.  As  this  tooth  is  precisely  similar  in  form  to  the  milk- 
carnassial  of  M.  sivalensis,  it  may  be  referred  to  the  same  species. 

In  its  degree  of  curvature  this  tooth  is  not  unlike  the  upper  canine  of  M. 
latidens ,3  but  the  crown  was  probably  longer.  In  no  species  is  the  inner  surface  so 
perfectly  flat  as  in  the  Siwalik  tooth  ; M.  neogceus  apparently  coming  nearest  in  this 
respect.  The  groove  on  the  posterior  border  seems  to  be  peculiar  to  the  Siwalik 
tooth.  The  antero-posterior  diameter  of  the  latter  at  the  point  of  fracture  is  0’83, 
and  the  transverse  O’ 5 inch. 

Cranium. — In  the  Indian  Museum  there  is  a specimen  of  the  hinder  portion  of 
the  cranium  of  a carnivore,  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the 
Hushiarpur  district,  which  from  the  elongated  form  of  the  mastoid  process  evidently 
belongs  to  Machcerodus ; and  from  its  size  may  probably  be  referred  to  the  present 
species.  The  specimen  is  so  imperfect  and  so  damaged,  that  it  has  been  considered 
advisable  to  figure  it  only  on  a reduced  scale  (fig.  20).  The  occipital  crest  is  more 
developed  than  in  any  non-Indian  species,  M.  neogceus  coming  nearest  in  this  respect ; 
the  posterior  portion  of  the  sagittal  crest  bending  upwards  very  rapidly.  The 
mastoid  process  of  the  periotic  (mf  is  much  produced  interiorly,  and  indicates  the 

1 In  his  original  description  (“  Brit.  Foss.  Mamm.  and  Birds,"  p.  178)  Prof.  Owen  thought  there  was  the  alveolus  of  a 
small  tooth  between  the  canine  and  mm.  3.  Dr.  Falconer  and  Mr.  Bose  have,  however,  shown  that  this  is  not  the  case. 

2 The  section  of  this  tooth  exhibits  a thick  coating  of  enamel,  leaving  no  doubt  as  to  its  mammalian  nature. 

3 “ Brit.  Foss.  Mamm.  and  Birds,”  fig.  69,  p.  180. 

4 In  describing  the  American  machserodonts  Prof.  Cope  (‘  Amer.  Nat vol.  XIV,  p.  854)  applies  the  term  ‘ post- 
tympanic  process  ’ to  the  whole  of  the  bony  pedicle  situated  behind  the  lower  part  of  the  auditory  meatus  (woodcut,  fig.  20, 
»*)  : a comparison  of  his  figures,  and  of  Blainville's  plate  of  M.  neogceus  (“  Osleographie ,”  Felis,  pi.  XX.),  with  the  skull  of 
the  tiger,  shows,  however,  that  this  part  corresponds -in  the  main  to  the  mastoid  process  of  the  periotic,  although  it  is  quite 
probable  -that  a thin  post-tympanic  process  of  the  squamosal  may  he  applied  to  its  anterior  surface.  The  process  will 
accordingly  here  he  termed  the  mastoid. 
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similar  production  of  the  zygomatic  .process  of  the  squamosal,1  which  is  but  partly 
preserved.  The  posterior  border  of  the  former 
process  inclines  forwards  at  a ,large  angle  with 
the  long  axis  of  the  skull.  The  downward 
production  of  the  mastoid  and  zygomatic 
processes  indicates  affinity  with  M.  neogceus,  M. 
necator,  and  M.  fatalis , in  which  the  glenoid 
m fossa  is  situated  in  the  plane  of  the  dental 
alveoli,  instead  of  far  above  it  as  in  Felis,  M. 
meg  anther. eon,  and  (?)  M , cultridens.  As  this 
arrangement  is  necessarily  correlated  with  a 
Fie.  20.  teV  and  *ma11  coronoid  process  to  the  mandible,  its 

Caut.).  Hinder  part  of  cranium,  from  the  existence  in  the  present  skull  serves  to  confirm 

Siwaliks  : Indian  Museum  (No.  D.  63):  con,  . ,.  . , . „ . „ . 

condyle ; p,  paroccipital  process;  m,  mastoid  the  Conclusion  as  to  the  Specific  Ulllty  of  the 
process  of  periotic:  zy,  zygomatic  process  of  latter  with  the  mandibles  described  above, 
squamosal,  • broken  inferiorly  : m a,  auditory  . 

meatus.  It  may  be  observed  that  the  production  of 

the  zygomatic  process  permits  a much  wider  opening  of  the  mouth,  and  is,  therefore, 
associated  with  the  largest  development  of  the  canines.  The  presence  of  this 
feature  in  M.  sivalensis  accordingly  confirms  the  inference  as  to  the  large  size  of 
those  teeth  in  that  species. 

The  posterior  border  of  the  mastoid  process  in  the  skull  under  consideration  is 
more  nearly  vertical  than  in  M.  neogceus  or  M.  necator.  In  the  backward  extension  of 
the  occiput  over  the  condyles  the  Siwalik  skull  agrees  with  the  latter,  and  differs 
from  the  former  species  (woodcut  fig.  17).’  The  upper  part  of  the  occipital  surface 
is  not  unlike  that  of  the  tiger,  but  has  rather  more  lateral  expansion  superiorly.  The 
width  across  the  condyles  is  two  inches,  or  nearly  the  same  as  in  a small  tiger’s 
skull ; the  other  parts  of  the  fossil  skull  being  relatively  smaller. 

Affinities. — Summing  up  the  results  of  the  foregoing  comparisons,  it  appears  that 
Machcerodus  sivalensis  is  a species  coming  nearer  in  its  main  cranial  characters  to  the 
American  M.  neogceus , and  M.  necator , than  to  the  European  M.  meg  anther  eon,  and 
(probably)  M.  cultridens.  It  apparently  agrees  with  the  two  former  in  its  relatively 
large  canines  ; while  in  dental  characters  it  presents  a strong  general  resemblance  to 
M.  necator , although  lacking  the  suppression  of  pm.  3 ; and  in  the  structure  of  pm.  3 
agreeing  with  M.  meganthereon.  .In  the  small  size  of  m.  1 the  Siwalik  species  again 
comes  nearest  to  M.  necator.  In  the  variation  in  size  of  pm73,  and  in  the  tendency 
to  the  disappearance  of  the  second  fang  of  this  tooth,  the  species  is  evidently 
intermediate  between  the  European  and  the  American  forms. 

On  the  whole,  M.  sivalensis  must  be  regarded  as  decidedly  nearest  to  the 
American  species  forming  the  so-called  genus  Smiloclon , but  presenting  such  inter- 


1 Since  in  some  machserodonts  the  whole  glenoidal  region  of  the  squamosal  is  much  produced,  it  will  be  more  convenient 
to  apply  to  this  part  the  term  £ zygomatic  ’ rather  than  ‘ post-glenoid  ’ process  ; which  should  he  strictly  confined  to  the 
prominence  below  and  behind  the  glenoid  fossa. 
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mediate  dental  characters  as  to  leave  little  doubt  of  the  generic  unity  of  the  typical 
machserodonts. 

Distribution. — The  present  species  ranged  from  the  typical  Siwalik  Hills  to  the 
Punjab. 

Species  2 : Mach^erodus  palatndicus,  Bose. 

Syn.  M.  sivatensis  (Falc.  and  Caut.),  in  parte. 

Bistory. — The  history  of  this  species  has  been  already  given  under  the  head  of 
M.  sivatensis. 

Type  mandible. — In  figure  3 of  plate  XLIV.  there  is  represented,  from  the 
external  aspect,  the  distal  extremity  of  the  left  ramus  of  the  mandible  of  the  present 
species ; being  the  specimen  in  the  Siwalik  collection  of  the  British  Museum  on  the 
evidence  of  which  the  species  was  founded.1  The  fragment  shows  the  alveolus  of 
the  canine  (e),  behind  which  there  is  a comparatively  short  diastema,  followed  by  the 
alveolus  of  pm.  3 ; which  was  relatively  small,  and  apparently  inserted  by  a conjoint 
fang : behind  this  again  there  is  the  crown  of  pm.  4,  considerably  damaged.  The 
jaw  is  abruptly  broken  off  behind  the  last-named  tooth.  The  descending  symphysial 
expansion  is  unusually  large,  commencing  immediately  in  advance  of  pm.  4 ; and  its 
inferior  border  maintaining  a gradual  descent  as  far  as  the  anterior  extremity  of  the 
specimen,  where  a bold  ridge,  descending  considerably  below  the  inferior  symphysial 
border,  marks  the  division  between  the  lateral  and  anterior  faces  of  the  ramus. 
There  is  a strongly  marked  fossa  on  the  outer  surface  of  the  symphysial  expansion 
for  the  reception  of  the  upper  canine,  which  must  have  been  of  large  size. 

Second  specimen. — In  figure  4 of  the  plate  accompanying  Mr.  Bose’s  memoir 
there  is  represented  a fragment  of  the  right  ramus  of  the  mandible  of  a feline, 
which  from  the  relatively  large  size  of  the  cheek-teeth  must  be  referred  to  the 
present  genus.  The  specimen  is  in  the  Siwalik  collection  of  the  British  Museum 
(No.  48,437),  and  contains  pm.  4 and  m.  1.  The  length  of  the  former  tooth  is  very 
nearly  the  same  as  in  the  mandible  described  above ; but  the  horizontal  ramus  has  a 
smaller  vertical  depth  ; and  at  the  point  where  the  jaw  is  fractured  there  is  no  sign 
of  the  commencement  of  the  descending  symphysial  expansion,  which  is  well  marked 
at  the  same  point  in  the  type  specimen.  In  all  other  respects  the  two  jaws  agree  so 
closely  that  they  must  be  referred  to  the  same  species ; the  above-mentioned 
differences  being  probably  accounted  for  in  the  same  manner  as  in  the  case  of  M. 
sivatensis ; viz.,  by  referring  the  type  specimen  to  a male,  and  the  present  specimen 
to  a female  individual : the  latter  sex  being  characterized  by  the  smaller  extent  of 
the  symphysial  expansion  of  the  mandible,  and  the  shorter  upper  canines. 

Third  specimen. — In  figure  8 of  plate  XLIII.  of  the  present  volume  there  is 
represented  a fragment  of  the  right  ramus  of  a mandible,  precisely  similar  to  the 
last  specimen,  containing  the  bases  of  pm.  3,  and  pm.  4 ; the  latter  wanting  the  summit 

l The  specimen  is  also  represented  in  figs.  1,  2,  3 of  the  plate  accompanying  Mr.  Bose’s  memoir  (op.  cit.).  These  figures 
show  the  internal  and  anterior  aspects. 


SIWALIK  AND  NARBADA  CARNIVORA. 


165—342 


of  its  main  lobe.  There  is  but  a faint  indication  of  the  commencement  of  the  symphysial 
expansion  in  front  of  pm.  3 ; showing  the  small  size  of  this  part.1  The  length  of 
pm.  3 is  somewhat  greater  than  in  the  type  specimen ; but  as  similar  variations 
obtain  in  M.  sivalensis , this  character  cannot  be  regarded  as  of  more  than  individual 
value.  From  the  precise  resemblance  of  this  specimen  to  the  last  mandible,  it  may 
probably  be  referred  to  a female  of  M.  palceinclicus.  The  specimen  is  in  the  Siwalik 
collection  of  the  British  Museum. 

Comparisons. — In  the  following  table  the  dimensions  of  the  three  specimens 
described  above  (taken  in  the  same  order)  are  compared  with  those  of  the  four 
specimens  of  the  mandible  of  M.  sivalensis , and  with  the  mandibles  of  M.  meg  anther  eon, 
M.  cultriclens,  and  M.  neogceus  ^ vis. : — 

M.  meganthereon.  M.  sivalensis.  M.  palseindicus.  M.  cultridens.  M.  neogeeus. 


Length  of  diastema 

1-43 

r~ 

1*47  (?) 

D27- 

1-93 

2-68 

Depth  of  jaw  in  front  of  pm.  3 

1-18 

1-35 

i *71 

1-65 

115 

,,  ,,  ,,  at  m.  1 

1-2 

1 '18 

1-35 

1-36 

1-41 

1-2 

1-82 

1-57 

,,  ,,  ,,  behind  canine 

1-9 

2-4  (?) 

2'6 

2-2  (?) 

2-4 

Length  of  pm.  3 

0-39 

0-4 

0-32 

0-37 

0'44 

0'5 

0'66 

0 8 

0-33 

,,,,,,  4 

0-82 

0-85 

0-81 

0-8 

0-94 

0-92 

0'9 

0'92 

M3 

Width  „ „ „ . 

0-41 

0-4 

0'49 

0'49 

0-53 

Length  ,,  m 1 

0-75 

0-98 

1-02 

0'9 

l'O 

1*17* 

1-14 

Antero-posterior  diameter  of  canine 

0-4 

0-59 

0 67 

0-8 

These  dimensions  show  that  M.  palceindicus,  judging  from  the  size  of  m.  1,  Was 
fully  as  large  as  M.  neogceus.  Taking  the  two  specimens  regarded  as  belonging  to 
the  male  sex,  the  mandible  of  the  present  species  when  compared  with  that  of  M. 
sivalensis  (woodcut  fig.  18),  is  distinguished  by  the  earlier  commencement  of  the 
descending  symphysial  expansion,  by  the  much  less  distinctly  marked  angle  formed 
by  the  junction  of  the  latter  with  the  inferior  border  of  the  horizontal  ramus,  and 
by  the  shorter  diastema.  The  inferior  termination  of  the  descending  expansion  is, 
moreover,  rounded  in  the  present  species ; while  in  M.  sivalensis  it  was  evidently 
pointed,  as  in  M.  necator.  From  these  differences  the  symphysial  expansion  in  M. 
palceindicns  is  less  differentiated  from  the  ramus,  giving  to  the  whole  jaw  a more 
massive  appearance  than  in  M.  sivalensis. 

Comparing  the  specimens  referred  to  females,  there  is  a much  less  marked 
distinction  between  the  mandibles  of  the  two  species.  Thus  while  in  M.  palceindicns 
the  symphysial  expansion  does  not  commence  till  about  the  same  point  as  in  M. 
sivalensis  ; in  the  latter  (pi.  XLIV.,  fig.  4)  the  same  part  is  small,  with  its  inferior 
border  forming  a gradual  junction  with  the  inferior  border  of  the  horizontal  ramus. 
The  mandibles  of  the  females  may,  however,  be  readily  distinguished  by  the  larger 
size  of  the  teeth  in  M.  palceindicns , and  especially  by  the  greater  proportionate  width 
of  pm.  4.  In  the  same  sex  pm.  3 is  generally  larger  than  in  M.  sivalensis. 

These  comparisons  show  that  the  distinctive  mandibular  characters  of  these  two 
species  are  strongly  marked  only  in  the  male  sex,  as  is  the  case  with  some  external 

1 The  machserodont  character  of  this  specimen  is  indicated  by  the  distinct  interval  between  pm.  3 and  pm.  4. 

2 Given  by  Mr.  Bose  as  1 • 1 . 
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characters  among  existing  Felidce } In  both  sexes  M.  palceindicus  must  be  regarded  as 
a more  powerful  and  larger  animal  than  M.  sivalensis. 

Compared  with  European  and  American  species  the  mandible  of  the  male  of 
the  present  species  is  distinguished  from  all,  with  the  exception  of  M.  meganthereon , 
by  the  earlier  commencement  of  the  descending  symphysial  expansion : even  in  that 
species,  however,  this  expansion  has  by  no  means  the  same  vertical  extent ; while  the 
ridge  at  the  anterior  border  of  the  lateral  surface  is  less  strongly  marked,  and  more 
removed  from  the  vertical ; and  the  diastema  is  relatively  longer.  The  mandible  of 
the  skull  of  M.  neogceus  figured  by  De  Blainville,  which  from  its  large  upper  canines 
is  certainty  that  of  a male,  is  distinguished  by  its  longer  diastema,  smaller  symphysial 
expansion,  and  generally  more  slender  form ; as  well  as  by  the  small  pm.  S.  The 
lower -jaw  of  M.  necator  is  like  that  of  M.  sivalensis.  The  mandible  of  the  female  of 
M.  palceindicus  is  more  like  that  of  M.  cultridens ,2  but  probably  had  a shorter  diastema, 
and  a smaller  pm.  3.  M.  palmidens  is  readily  distinguished  by  its  inferior  size  and  the 
complex  character  of  pm..  4. 

In  respect  of  the  size  of  pm.  3,  the  present  species  seems  to  indicate  a form 
intermediate  between  the  machserodonts  of  the  Old  and  New  Worlds. 

Cranium . — In  plate  N.,  figs.  1,  la,  lb,  lc,  of  the  “ F.A.S.”  there  are  given  four 
views  (~)  of  the  occipital  portion  of  a carnivorous  skull  from  the  Siwaliks,  in  the 
British  Museum  (No.  39,728) ; referred  in  the  description  of  the  plate3  to  M. 
sivalensis ; but  subsequent ly  by  Mr.  Bose4  to  his  M.  palceindicus.  The  specimen  is 
broken  off  anteriorly  in  front  of  the  post-orbital  process  of  the  frontal  by  a fracture 
extending  obliquely  backwards  to  the  zygomatic  process  of  the  squamosal;  the 
portion  still  remaining  is  fairly  perfect,  and  as  it  comprehends  the  same  part  as  the 
fragmentary  skull  of  M.  sivalensis  represented  in  woodcut  fig.  20,  it  is  easy  to 
compare  the  two.  In  the  first  place,  the  present  skull  considerably  exceeds  in  size 
that  of  M.  sivalensis ; the  diameter  across  the  occipital  condyles  being  respectively 
2-53  and  2-0  inches.  The  present  specimen  has  a much  produced  zygomatic  process, 
well  preserved  on  the  right  side,5  bearing  a long  post-glenoid  process ; the  mastoid 
process,  although  broken  interiorly,  is  also  similarly  produced,  and  below  the  auditory 
meatus  is  in  contact  with  the  zygomatic  process.  This  proves  not  only  that  the  specimen 
belongs  to  Macliaerodus , but  also  to  a form  allied  to  M.  sivalensis  and  the  American 
species.  Irrespective  of  its  superior  size,  this  skull  differs  from  that  of  M.  sivalensis, 
firstly,  by  the  proper  occipital  surface  forming  an  inverted  V,  in  place  of  having 
rounded  lateral  borders  ; secondly,  by  the  lateral  borders  of  the  occipital  crest,  when 
viewed  from  the  side,  forming  a nearly  straight  line,  in  place  of  bending  backwards 
above  the  condyles ; thirdly,  by  the  posterior  border  of  the  mastoid  process  being 
set  more  obliquely  to  the  plane  of  the  occiput ; and,  fourthly,  by  the  lesser  develop- 

1 E.  g.,  F.  leo. 

2 The  specimen  figured  by  Wagner  {op.  cit.)  : as  all  the  specimens  known  (and  these  are  numerous)  are  similar,  it  is  to 
he  presumed  that  there  was  no  marked  difference  in  the  form  of  the  mandible  of  the  two  sexes. 

3 “ Pal.  Mem  vol  I.,  p.  550.  4 Op.  cit.,  p.  126.  5 “ F.A.S.,”  pi.  N.,  fig.  lc. 
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ment  of  the  occipital  crest.  The  mastoid  process  is,  moreover,  antero-posteriorly 
compressed  in  the  larger,  and  subcylindrical  in  the  smaller  skull.  These  differences, 
coupled  with  the  much  larger  size  of  the  present  specimen,  leave  little  doubt  as  to 
the  specific  distinctness  of  the  two  crania ; and  since  the  present  specimen  agrees 
well  in  proportionate  size  with  the  mandible  of  M.  palceindicus  its  reference  to  that 
species  by  Mr.  Bose  may  be  accepted. 

Second  specimen. — In  figure  2 of  plate  N.  of  the  u F.A.S.”  there  is  represented 
the  greater  portion  of  another  Siwalik  skull  in  the  British  Museum  (No.  39,729) ; 
also  referred  by  Mr.  Bose  to  the  present  species.  The  specimen  is  greatly  mutilated 
and  crushed,  and  lacks  the  teeth  and  jaws.  From  its  high  occipital  crest,  and  from 
the  position  of  the  condyles  being  considerably  above  the  level  of  the  auditory 
meatus,  it  is  pretty  certain  that  the  generic  reference  is  correct,  while  there  is  a 
strong  probability  that  the  specific  one  is  likewise  so.  There  is  apparently  some 
difference  in  the  form  of  the  post-orbital  process  of  the  frontal  of  this  and  the 
preceding  specimen  ; but  it  is  quite  possible  that  this  may  be  due  to  crush,  Or  to 
differences  in  age  and  sex.  The  present  specimen  is  so  damaged  that  it  adds  little 
or  nothing  to  the  knowledge  of  the  species.1 

Comparisons. — Compared  with  European  and  American  species  the  cranium  of 
M.  palceindicus  differs  from  that  of  M.  meg  anther  eon , and  probably,  therefore,  from 
that  of  M.  cultriclens , by  the  downward  prolongation  of  the  mastoid  process  of  the 
periotic  and  of  the  zygomatic  process  of  the  squamosal ; and  thereby  agrees  with 
the  crania  of  the  American  M.  neogeeus,  M.  necator,  and  M.  fatalis.  In  the  form  of 
the  occipital  region  the  present  skull  comes  nearer  to  M.  neogeeus  than  to  M.  necator ; 
the  occipital  crest  of  the  latter  not  being  raised  above  the  general  level  of  the  skull, 
and  the  mastoid  process  running  very  obliquely,  and  forming  a continuation  of  the 
lateral  border  of  the  occiput.  In  M.  neogeeus  the  occipital  crest  is  more  produced, 
although  not  to  such  an  extent  as  in  the  present  species : the  supra-occipital,  in  place 
of  having  the  shape  of  an  inverted  V,  being  more  like  an  inverted  U.  A considerable 
difference  may  also  be  observed  in  the  form  of  the  arch  covering  the  auditory 
meatus.  The  extreme  production  of  the  supra-occipital  in  the  present  species 
probably  indicates  that  the  canines  were  at  least  as  large  as  in  M.  neogeeus ; — an 
inference  confirmed  by  the  characters  of  the  mandible.  Comparisons  are  not  possible 
between  the  present  skull  and  M.  fatalis  and  M.  gracilis. 

Upper  incisor. — In  plate  XLIII.,  fig.  9,  there  is  represented  a third  left  upper  incisor 
of  a Machceroclus,  obtained  by  Mr.  Theobald  from  the  Siwaliks  of  Asnot,  Punjab.  The 
specimen  is  represented  from  the  inner  aspect,  and  shows  the  serrated  posterior  cutting 
edge ; from  which  the  genus  is  determined.  The  anterior  cutting  edge  has  been  entirely 
worn  away  ; its  place  being  occupied  by  a large  facette  (a)  formed  by  the  attrition 
of  i.  3 : the  opposite  surface  presents  a similar  facette  formed  by  the  attrition  of  the 
lower  canine.  The  form  and  position  of  these  two  facettes  determines  the  tooth  to 

l Mr.  Bose  draws  some  conclusions  from  this  specimen  as  to  the  relative  length  of  the  cranial  and  facial  portions,  which 
seem  based  on  insufficient  data. 
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be  the  third  incisor.  The  fang  of  the  tooth  is  unusually  large,  and  considerably 
bent ; the  latter  character  being  not  improbably  due  to  some  lesion  of  the  j aw  of  the 
animal  to  which  it  belonged.  From  the  very  large  size  of  the  specimen  it  may  be 
pretty  safely  referred  to  the  present  species. 

The  specimen  is  of  some  importance,  as  it  readily  distinguishes  M.  palmndicus 
from  M.  latidens ; in  which  the  corresponding  tooth1  has  distinct  cusps  at  the  base  of 
the  inner  sides  of  the  fore-and-aft  trenchant  ridges,  which  are  totally  wanting  in  the 
Siwalik  tooth. 

Affinities. — The  foregoing  comparisons  indicate  the  distinctness  of  the  present 
form  from  any  sufficiently  described  species  ; and  also  that  it  was  more  nearly  allied 
to  the  other  Siwalik  species  and  the  American  forms  than  to  any  of  the  European 
species,  although  in  the  structure  of  the  mandible  and  pm.  3 it  presents  certain 
indications  of  affinity  with  the  latter;  thus  confirming  the  conclusions  previously  arrived 
at,  as  to  the  inadvisability  of  generically  separating  the  American  and  European 
forms. 

The  relationship  of  the  Indian  and  American  maclnerodonts  is  a very  remarkable 
one ; and  the  more  so  since  several  genera  of  Siwalik  carnivores  (e.g.  Hycena  and 
Mellivora)  are  essentially  Old  World  forms.  This  relationship  probably  indicates  a 
line  of  passage  for  the  Siwalik  and  American  forms  through  the  regions  to  the  west- 
ward of  China. 

Distribution. — Remains  of  the  present  species  have  been  obtained  from  the 
typical  Siwalik  Hills  to  the  Punjab. 


Limb-bones  of  Felines. 


General. — It  has  been  already  observed  that  in  the  reference  of  the  fossil  limb- 
bones  of  the  Delidce  to  their  respective  species,  relative  size  is  in  the  main  the  only 
guide ; and  since  in  the  case  of  the  Siwalik  representatives  of  the  family  there  is 
frequently  more  than  one  species  of  the  same  approximate  size,  this  guide  is  little 
better  than  useless.  It  has,  therefore,  been  found  advisable  only  to  describe  some  of 
the  more  perfect  of  these  remains,  taking  them  in  their  serial  order ; and  making 
suggestions  as  to  the  species  to  which  they  may  possibly  belong. 

Humerus. — In  figure  11  of  plate  XLIV.  there  is  represented  the  anterior  surface 
of  the  distal  extremity  of  the  right  humerus  of  a large  feline  in  the  Siwalik 
collection  of  the  British  Museum  (No.  37,146);  in  which  there  is  another  very 
similar  specimen  (No.  37,142),  broken  off  at  the  supra-condylar  foramen  (c.f).  The 
dimensions  of  these  two  specimens  are  compared  with  those  of  a humerus  of  the 
cave-lion,  from  Clacton  (B.  M.,  No.  28,014);  viz. : — 

Cave-lion.  Siwalik  feline. 


Width  across  condyles 3-8 

,,  ,,  articular  surfaces 2- 78 

,,  of  shaft  above  supra-condylar  foramen  . . . 2 -3 


37,146.  37,142. 

3-5  3-9 

2-35  2-75 

2-1 


l “ Brit.  Foss.  Mamjn.  and  Birds,”  fig.  70,  p.  182. 
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The  Clacton  bone  is  intermediate  in  size  between  the  humerus  of  an  average  existing 
lion  and  that  of  the  largest  cave-lion ; thus  indicating  the  relative  size  of  the  animal 
to  which  the  Siwalik  bone  belonged.  The  supinator  ridge  ( s . r .)  is  rather  more 
strongly  marked  in  the  latter,  and  the  internal  condyle  (i.  c .)  is  longer,  but 
there  is  no  other  very  prominent  mark  of  distinction  between  the  Siwalik  and 
Clacton  bones.  The  supra-condylar  foramen  (c.  /.)  is  considerably  smaller  than  in 
the  tiger;  but  its  anterior  aperture  is  relatively  large,  as  in  the  lion  and  jaguar. 

The  form  of  this  bone  indicates  that  it  belonged  to  a species  distinct  both  from 
the  fossil  and  recent  lions,  and  the  tiger ; while  its  large  size  shows  that  the  only 
known  Siwalik  felines  to  which  it  could  have  belonged  are  Felts  cristata  or 
Mciehcerodus  palceindicus.  Since  in  the  humerus  of  M.  necator,  to  which  the  latter 
species  is  allied,  there  is  no  supra-condylar  foramen,1  it  is  not  improbable  that  the 
same  condition  may  have  obtained  in  the  Indian  species,  and  there  is  accordingly 
more  likelihood  that  the  bone  under  consideration  belonged  to  F.  cristata : this  is 
confirmed  by  its  general  similarity  to  the  humerus  of  the  lion,  and  by  the  fact  that 
in  M.  meg  anther  eoF  although  the  supra-condylar  foramen  is  present,  the  lateral 
expansion  of  the  internal  condyle  of  the  humerus  is  very  slight. 

Ulna. — In  figure  1 of  plate  XLV.  there  is  represented,  from  the  external 
(preaxial)  aspect,  the  proximal  extremity  of  the  right  ulna  of  a large  feline  from  the 
Narbada  beds.3  This  specimen  agrees  in  proportionate  size  with  the  humerus 
described  above  ; and  although  of  larger  size  than  in  an  existing  lion,  agrees 
very  closely  with  the  ulna  of  that  animal ; especially  in  the  inward  inclination  and 
pyriform  shape  of  the  olecranal  tuberosity  | left  side  of  top  of  figure ),  in  the 
narrowness  of  the  groove  separating  the  two  small  tuberosities  on  the  superior 
surface,  and  in  the  form  and  proportion  of  the  two  sigmoid  cavities.  In  the  tiger 
the  olecranal  tuberosity  is  more  elongated  and  less  prominent,  the  small  tuberosities 
on  the  superior  surface  are  less  developed  and  more  widely  separated,  and  there  is  a 
prominent  ridge  on  the  posterior  surface,  which  is  wanting  in  the  present  specimen 
and  the  ulna  of  the  lion.  The  species  of  cats  that  existed  in  the  Narbada  period 
are  at  present  unknown,  but  it  is  highly  probable  that  Maclicerodus  had  disappeared. 
The  present  bone  may  .quite  possibly  have  belonged  either  to  F.  cristata  or  F.  leo , if 
either  existed  in  the  Narbada  period. 

In  the  Indian  Museum  there  is  the  proximal  extremity  of  the  right  ulna  of  a 
somewhat  smaller  feline  (No.  D.  74),  from  the  Siwaliks  of  the  Punjab:  this 
specimen,  though  too  damaged  for  figuring,  has  a relatively  shorter  olecranal 
process,  and  probably  belongs  to  a distinct  species  from  the  last  specimen. 

Femur. — In  figure  2 of  plate  XLV.  there  is  represented  the  distal  half  of  the 

1 ‘ Amer.  Nat.,’  vol.  XIV.,  p.  854,  fig.  15  (‘  epitrochlear  canal’). 

2 Blainville,  “ Osteographie,”  Genus  Felis,  pi.  XVIII. 

3 This  specimen  was  in  the  old  collection  of  the  Geological  Survey  of  India,  previous  to  its  removal  to  the  Indian 
Museum,  among  other  Narbada  specimens.  From  its  mineralogical  condition  the  present  writer  was  formerly  disinclined  to 
admit  its  Narbada  origin  (‘  Journ.  As.  Soc.  Beng  ,’  vol.  XLIX.,  pt.  11,  p.  27)  ; but  as  other  specimens  exhibit  a precisely 
similar  condition  this  may  be  admitted. 

p 2 
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right  femur  of  a large  feline,  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the 
Punjab.  This  bone  is  relatively  somewhat  smaller  than  the  humerus  and  ulna 
described  above,  and  indicates  an  animal  about  equal  in  size  to  a rather  small  tiger. 
It  is  readily  distinguished  from  the  femur  of  the  lion,  by  the  nearly  cylindrical  form 
of  the  middle  of  the  shaft ; and  in  this  respect  is  more  like  the  femur  of  the  tiger, 
although  the  lower  part  of  the  anterior  surface  is  more  flattened.  On  the  posterior 
surface  the  intercondylar  notch  is  relatively  wider  than  in  the  tiger,  and  more  like 
the  same  part  in  the  lion ; the  inner  border  of  the  external  condyle  is  also  placed 
more  obliquely  than  in  the  tiger,  in  nearly  the  same  manner  as  in  the  lion.  The 
trochlear  surface  for  the  patella  is  narrower  and  deeper  than  in  the  lion,  and  more 
like  that  of  the  tiger.  It  is  not  improbable  that  this  bone  may  have  belonged  to  the 
smaller  species  of  Machcerodus: 

In  the  British  Museum  there  are  ten  specimens  of  the  distal  extremity  of  the 
femur  of  large  felines  from  the  Siwaliks,  and  one  from  the  Narbadas.  The 
dimensions  of  the  largest  specimen  of  the  former  (No.  40,527)  are  compared  below 
with  those  of  a femur  of  the  cave-lion  in  the  same  collection  (No.  M.  270),  and  of  a 
large  African  lion  ; vis.  : 

Cave-lion.  African  lion.  Siwalik  sp. 

Width  across  condyles . . 3-5  3;0  2-9 

,,  ,,  trochlea  for  patella 1-88  1'4  1/4 

Transverse  diameter  of  shaft  above  condyles  .....  2-4  1 -05  1-95 

Antero-posterior  ,,,,,,,,  „ i 1'7  1-5  1'4 

In  the  Siwalik  bone  the  anterior  surface  above  the  condyles  is  more  angulated,  and 
less  flattened  than  in  the  lion,  or  in  the  smaller  Siwalik  femur  described  above. 
From  its  large  size  it  is  probable  that  the  present  specimen  belonged  either  to  F. 
cristata,  or  M.  palceindicus. 

Patella. — The  patella  represented  in  pi.  XLV.,  fig.  4,  was  obtained  by  Mr. 
Theobald  in  the  Siwaliks  of  the  Punjab  ; and  indicates  a feline  nearly  as  large  as 
the  cave-lion.  In  its  elongated  form  this  bone  is  more  like  the  patella  of  the  lion 
than  that  of  the  tiger ; but  its  posterior  surface  is  more  convex  than  in  either ; the 
patella  of  the  tiger  coming  nearest  in  this  respect.  This  bone  not  improbably 
belonged  either  to  F.  cristata  or  M.  palceindicus. 

Calcaneum. — The  two  calcanea  represented  in  pi.  XLV.,  figs.  6 and  7,  were 
obtained  by  Mr.  Theobald  from  the  Siwaliks  of  the  Punjab.  The  former,  belonging 
to  the  right  side,  agrees  almost  exactly  in  form  and  size  with  the  corresponding  bone 
of  F.  pardus ; and  may  have  belonged  to  the  same  species  as  the  mandible 
represented  in  pi.  XLIII.,  fig.  4.  The  latter,  belonging  to  the  left  side,  is  of  nearly 
the  same  size  as  the  calcaneum  of  the  lynx ; and  may  possibly  have  belonged  to  the 
species  of  which  the  mandible  is  represented  in  pi.  XLIII.,  fig.  7 ; or  to  one  of  the 
genera  of  primitive  cats. 

Scapho-lunar. — From  the  pleistocene  Jamna  beds  of  the  Banda  district  Mr.  J. 
Cockburn1  has  obtained  a nearly  perfect  specimen  of  a right  scapho-lunar,  indis- 

i See  “ Records,”  vol.  XV.,  p.  33. 
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tinguishable  from  the  corresponding  bone  of  F.  tigris.  It  is  quite  possible  that  this 
species  may  have  existed  in  the  pleistocene  ; but  it  requires  further  evidence  before 
this  point  can  be  determined. 

Phalangeals. — A proximal  phalangeal  bone  of  a feline  as  large  as  the  tiger,  from 
the  Siwaliks  of  the  Punjab,  is  represented  in  pi.  XLIII.,  fig.  10.  This  specimen, 
with  others  in  the  Indian  Museum,  may  have  belonged  either  to  F.  cristata , or  M. 
palceindicus. 

Other  remains. — There  are  several  specimens  of  the  astragali  of  Siwalik  felines 
in  the  British  Museum,  and  a few  other  fragments  of  limb-bones  in  the  Indian 
Museum;  but  nothing  would  be  gained  by  their  description,  the  specimens  noticed 
above  having  fully  confirmed  the  inferences  drawn  from  the  teeth  and  jaws  as  to  the 
existence  of  an  extensive  feline  Siwalik  fauna ; and  having  proved  the  existence  of 
at  least  one  large-sized  member  of  the  group  in  the  Narbada  period. 

Family  VI.:  IIYrFNODONTID^J. 

Extent  and  affinities. — The  present  family  is  taken  to  include  Hycenodon,  Pterodon, 
Oxycena , and  not  improbably  Cynliycenodon , with  perhaps  some  other  genera  from  the 
older  American  tertiaries.  By  Prof.  Cope1  Pterodon  and  Oxycena , constituting  with 
Protop  satis  the  family  Oxycenidce , are,  with  other  families,  referred  to  a distinct 
order,  under  the  name  of  Creodonta.  On  account  of  its  alleged  larger  brain, 
Hycenodon  is,  however,  referred  by  the  same  writer2  to  the  Carnivora.  By  all  other 
palaeontologists  Hycenodon  and  Pterodon  are  considered  as  closely  allied  forms, 
probably  belonging  to  the  same  family ; and  this  view  is  adopted  here.  It  has 
been  thought  by  some  writers  that  these  genera  were  allied  to  the  marsupials, 
but  the  observations  of  Dr.  Filhol3  have  shown  this  view  to  be  erroneous.  By 
Prof.  Huxley4  it  is  considered  probable  that  they  occupy  a position  connecting  the 
Carnivora  with  the  Insectivora;  and  on  this  view  the  family  is  provisionally 
included  here  in  the  former  order.5  One  of  the  most  distinctive  points  of  the 
family  is  the  small  size  of  the  brain,  which  in  Cynliycenodon  is  more  like  that 
of  an  insectivore  than  a carnivore ; while  another  is  the  structure  of  the  last  three 
cheek-teeth,  all  of  which  assume  a sectorial  character. 

Genus  : HYCENODON,  Laizier  and  Pariere. 

Synonym,  Taxotherium , Blain. 

Distribution , etc. — This  genus  has  been  hitherto  recorded  only  from  Europe  and 
N.  America;  in  the  former  area  making  its  appearance  in  the  upper  eocene 

1 ‘ Pro.  Amer.  Phil.  Soc.,’  1880,  p.  76  : 188l|  p.  156. 

2 “ Rep.  TJ.  S.  Geog.  Surv.  W.  of  100th  Meridian,”  vol.  IV.,  pt.  II.,  p.  89. 

3 “ Phosphorites  du  Quercy,”  p.  169. 

4 ‘Pro.  Zool.  Soc.,’  1880,  p.  284. 

5 It  will  he  understood  that  although  this  family  is  placed  next  the  Felidce,  this  does  not  imply  any  connection  between 
the  two.  The  affinities  of  the  Hycenodontidce  are  more  probably  with  the  lowest  viverro-canoids.  The  family  and  its  allies 
not  improbably  renders  it  impossible  to  distinguish  the  Carnivora  from  the  Insectivora. 
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(oligocene)  of  Hampshire1  and  the  Paris  basin,2  and  surviving  till  the  lower  miocene. 
A considerable  number  of  species  have  been  recorded  ; but  as  there  are  only  two  of 
these  approaching  in  size  to  the  Indian  form,  it  will  be  unnecessary  to  give  a list. 

Species : IIy^enodon  indicus,  n.  sp.,  nobis. 

History. — The  present  species  is  mentioned  here  for  the  first  time. 

Last  lower  premolar. — The  tooth  represented  in  the  accompanying  woodcut  (fig. 

21)  was  obtained  by  Messrs.  Garnett  and 
Trotter  from  the  Siwaliks  of  Kushalghar, 
below  Attock.3  As  the  specimen  is  implanted 
in  a fragment  of  the  mandible,  there  is  no 
doubt  as  to  the  series  to  which  it  belongs. 
The  crown  is  sub-conical;  highly  convex  on 
the  outer,  and  flattened  on  the  inner  side : 

Fig.  21.  Eytsnodon  indicus,  nobis,  4th  right  posteriorly  it  has  a large  talon,  of  a tri- 

lower  premolar;  from  the  Siwaliks  of  in  • i -n 

Kushalghar;  Indian  Museum  (No.  d.  57);  « angular  form,  while  there  is  a much  smaller 

from  the  outer,  b from  the  inner  aspect.  |.  anterior  talon : the  fore-and-aft  edges  are  sub- 

trenchant  ; and  there  is  a small  secondary  cusp  on  the  latter,  near  the  summit  of 
the  crown.  This  tooth  agrees  so  essentially  with  pm.  4 of  Hycenodon,  that  there  is 
every  probability  of  its  belonging  to  that  genus  : and  in  any  case  it  must  have 
belonged  to  a closely  allied  form. 

The  only  described  species  having  teeth  as  large  as  the  present  specimen  is  the 
American  II.  horridus , Leidy4 ; but  the  anterior  talon  is  absent  in  pm.  4 of  that  form. 
In  the  somewhat  smaller  II.  lieberti , Filh.,5  from  Quercy,  pm.  4 is  exceedingly  like  the 
present  specimen ; but  the  two  talons  are  perhaps  more  nearly  equal  in  size.  In  the 
still  smaller  H.  requiem,  Gerv.,  the  same  tooth  is  also  very  similar  to  the  present 
specimen,  but  the  relative  convexity  of  the  outer,  and  the  flatness  of  the  inner 
surface,  is  less  marked  in  the  former.  In  II.  leptorhynchus ,6  L.  and  P.,  there  is  no 
distinct  anterior  talon  to  pm.  4.  Since  all  the  other  species  are  of  smaller  size,  there 
can  be  no  doubt  of  the  specific  distinctness  of  the  Indian  form ; which  may  receive 
the  specific  name  indicus. 

Third  lower  true  molar. — The  tooth  represented  in  pi.  XLIII.,  fig.  5,  obtained  by 
Mr.  Theobald  from  the  Siwaliks  of  the  Punjab,  is  apparently  the  3rd  left  lower  true 
molar  of  an  animal  of  the  present  group.  It  is  divided  into  two  distinct  lobes,  of 
which  the  first  is  the  stoutest : externally  there  is  a stout  cingulum  forming  the  base 

1 Lower  Headon : vide  ‘ Quart.  Journ.  Geol.  Soc.,’  vol.  XXXIX.,  p.  571  : this  statement  is  founded  on  a mandible  in 
the  British  Museum  (No.  29,752). 

2 6th  stage  of  Prof.  Gaudry. 

3 Vide  “ Pal.  Mem.,”  vol.  I.,  p.  414  : this  specimen  is  not  mentioned  by  Dr.  Falconer,  although  it  was  in  the  collection 
submitted  to  him  by  Dr.  Oldham. 

4 “ Extinct  Mammalian  Fauna  of  Dakota  and  Nebraska,”  pi.  III. 

5 ‘‘Phosphorites  du  Quercy,”  figs.  158-60. 

6 Ibid.,  fig.  143  : Blainville,  “ Osteographie,”  Genus  Suhursus,  pi.  XVIT. 
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of  the  crown.  Posteriorly  the  lower  border  of  the  enamel  of  the  crown  runs 
suddenly  upwards  on  both  sides,  nearly  to  the  summit  of  the  hind  lobe.  The  tooth 
has  been  considerably  worn  ; the  plane  of  detrition  being  very  oblique,  and  the 
longitudinal  diameter  of  the  worn  surface  of  the  hind  lobe  running  nearly 
horizontally : it  was  implanted  in  the  jaw  by  two  fangs  of  nearly  equal  size, 
diverging  widely  from  the  middle  of  the  crown.  In  figure  6 of  the  same  plate 
there  is  represented  the  hinder  lobe  of  a less  worn  specimen  of  the  corresponding 
tooth  of  the  opposite  side1 ; also  from  the  Siwaliks  of  the  Punjab.  This  specimen 
shows  the  same  upward  flexure  of  the  inferior  border  of  the  enamel  at  the  posterior 
extremity ; as  well  as  a similar  height  of  the  summit  of  the  hinder  lobe  above  the  same. 

The  only  tooth  with  which  these  specimens  appear  to  correspond  is  the  last 
lower  true  molar  of  Hycenodon 2 ; in  some  species  of  which  (e.y.,  U.  hebertif  H. 
leptorliynchus 4)  the  lower  border  of  the  enamel  bends,  upwards  at  the  posterior 
extremity  of  the  tooth  in  precisely  the  same  manner,  although  not  quite  to  the  same 
extent,  as  in  the  Siwalik  teeth.  In  none  of  the  European  or  American  species, 
however,  is  there  the  marked  cingulum  of  the  latter ; while  in  all  the  larger  forms 
the  hinder  lobe  is  relatively  longer;  although  in  the  much  smaller  E.  crucians , 
Leidy,5  the  two  lobes  are  more  nearly  of  the  same  length.  In  all,  the  anterior  lobe 
is  much  stouter  than  the  posterior;  and  the  wear  of  the  summits  of  the  lobes  is 
similar  to  that  of  the  Indian  teeth. 

In  relative  size  the  teeth  under  consideration  accord  sufficiently  well  with  the 
lower  premolar  of  H.  indicus  to  have  belonged  to  the  same  species ; and  it  appears 
highly  probable  that  such  may  have  been  the  case.  If  this  association  Re  correct, 
the  presence  of  the  cingulum  in  m.  3 of  the  Indian  form,  in  view  of  the  close 
resemblance  existing  between  pm.  4 of  the  latter  and  the  corresponding  tooth  of  the 
European  and  American  species,  need  not  of  itself  indicate  more  than  specific 
distinction.  It  is,  however,  possible  that  subsequent  finds  may  indicate  either  that 
the  true  molars  belong  to  a distinct  species,  or  even  genus,  from  the  premolar ; or 
that,  although  belonging  to  the  same  species,  the  Indian  teeth  are  generically 
distinct  from,  although  closely  allied  to,  Hycenodon.6  In  the  absence  of  further 
evidence  it  is  preferable  to  refer  them  provisionally  to  the  same  species,  and  to  the 
type  genus. 

Whichever  of  the  above-mentioned  views  be  correct,  the  occurrence  in  the 
Siwaliks  of  a Hycenodon , or  a closely  allied  form,  is  a matter  of  extreme  interest. 
From  the  extreme  rarity  of  its  remains  it  is  not  impossible  that  the  Indian  form  was 
on  the  point  of  extinction  in  the  Siwalik  epoch. 

1 This  specimen  is  not  figured  in  quite  the  same  position  as  the  corresponding  part  of  the  more  perfect  tooth  : the  fang 
should  have  inclined  towards  the  left. 

2 These  teeth  might  at  first  sight  he  taken  for  the  lower  carnassials  of  a feline  ; hut  are  at  once  distinguished  by  the 
form  of  the  lower  border  of  the  enamel  and  of  the  worn  surfaces  of  the  summits  of  the  lobes ; by  the  presence  of  the 
cingulum,  and  the  size  and  direction  of  the  fangs. 

3 “ Phosphorites  du  Quercy,”  fig.  158.  4 Blainville,  op.  cit.  5 Op.  cit.,  pi.  II. 

6 Neither  of  the  teeth  present  any  close  resemblance  to  Pterodon  or  Oxyccna  : the  other  American  genera  are  at  present 

insufficiently  described. 

Q 2 
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ADDENDUM. 

Mandible  of  Lutra  sivalensis. — Since  the  description  of  Lutra  sivalensis  was 
printed  a fragmentary  specimen  of  the  mandible  of  that  species,  represented  in  plate 
XLV.,  figs.  3,  3a,  has  come  under  the  writer’s  notice.  This  specimen  is  in  the 
Ipswich  Museum,  to  which  it  was  presented,  with  some  other  Siwalik  fossils,  by  Miss 
Cautley ; haying  doubtless  been  obtained  by  Sir  P.  T.  Cautley.  It  comprizes  the 
hinder  portion  of  the  right  ramus,  and  shows  the  root  of  m.  2,  and  the  carnassial 
(m.  l),  of  which  the  anterior  half  is  broken:  the  condyle,  angle,  and  the  summit  of 
the  coronoid  process  are  likewise  wanting.  The  shape  of  m.  1,  the  mode  of 
implantation  of  m.  2 (which  is  set  close  into  the  anterior  border  of  the  ascending 
ramus,  and  very  obliquely  to  the  alveolar  line  of  the  other  cheek-teeth),  and  the 
form  of  the  masseteric  fossa  (characterized  by  its  great  depth  and  the  regular 
curve  of  its  anterior  border)  show  that  the  specimen  belongs  to  an  otter ; while  the 
large  size  of  the  specimen  indicates  that  it  should  be  referred  to  Lutra  sivalensis. 
The  last  true  molar  (m.  2)  is  implanted  by  a single  fang,  as  in  all  living  otters.  The 
carnassial  has  been  partially  worn  : its  talon  has  precisely  the  same  structure  as  in 
other  otters,  but  its  central  depression  is  slightly  less  deep  : the  bases  of  the  hinder 
cusps  of  the  blade  which  still  remain,  show  that  these  also  occupied  the  same  relative 
position.  The  depth  of  the  jaw,  as  in  Lutra  lathy gnatlius , exceeds  the  length  of  the 
carnassial,  indicating,  in  conjunction  with  the  great  depth  of  the  masseteric  fossa, 
the  enormous  biting  power  of  the  animal.  In  all  other  respects  the  specimen  agrees 
with  the  jaws  of  living  species  of  otter.  The  length  of  the  carnassial  is  084,  and 
the  depth  of  the  jaw  below  this  tooth  P25  inches. 

This  unique  specimen  confirms  the  conclusions  previously  arrived  at  as  to  the 
generic  identity  of  the  gigantic  Siwalik  otter  with  Lutra ; and  also  as  to  the  specific 
distinctness  of  L.  lathygnathus. 
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A. 

Acerotherium,  9 

,,  crassum,  3 

„ croizeti,  3 

,,  fossiger,  3 

,,  ganna tense,  4 

,,  goldfussi,  3 

,,  incisivum,  4 

„ jemezanus,  4 

,,  lemanense,  3 

,,  malachorinus,  4 

„ meridianum,  4 

„ minutum,  4 

,,  mite,  4 

„ occidentale,  4 

,,  pacificum,  4 

PERIMENSE,  4, 
9 : characters  .of 
upper  molars,  1 8, 
21  : compared  with 
American  species. 
14,  20 : with 

European  species, 
13,  20  : cranium, 
11  ; distribution, 
27 : general  charac- 
ters, 27  : history, 
9 : identical  with 
R.  iravadicus,  and 
R.  planidens,  17  : 
inandible,  25  : pal- 
ate, 22 : resemblance 
to  R.  deccanensis, 
19:  up.  incisor,  24: 
up.  milk-molars,  23 : 
up.  molars,  14,  19 
,,  tetradactylum,  4 

„ truquianum,  4 

,,  typus,  4 

^Elurodon,  314 
^Elurogale,  314,  317 

„ intermedia,  319 


.iElurogale  SIVAT.ENSIS,  317: 

history,  317:  man- 
dible, 317 

iELUROPSIS,  316 

- „ ANNECTANS, 

316:  history,  316: 
mandible,  316 

^Eluropus,  205 
Agnotheriujn,  246,  332 

,,  antiquum,  248,  333 
Agriochaerus,  171 

„ SP.  NON.  DET, 
171  : upper  molar, 
171  : comparisons, 
171 

Agriotherium,  219 

„ sivalense,  220 

Amphiarctos,  219 

,,  sivalensis,  220 

Amphicynodon,  243 
Amphicyon,  244,  246  : dentition, 
246 : distribution,  246 : 
No.  of  species,  246 
„ agnotus,  248 

ambiguus,  246 
,,  angustidens,  247 
,,  blainvillei,  247 

,,  brevirostris,  247 

,,  communis,  248 

,,  crassidens,  248 

,,  crucians,  248 

,,  cultridens,  248 

,,  curtum,  247 

,,  cuspigerus,  247 

„ dominans,  247 

,,  elaverensis,  247 

,,  entoptychi,  247 

,,  eseri,  248 

,,  giganteus,  247 

,,  gracilis,  247-8 

,,  hartshornianus,  247 

„ helveticus,  247 


Amphicyon  intermedius,  247 

,,  issiodorensis,  247 

,,  laurillardi,  248 

lemanensis,  247 
„ leptorhynchus,  247 

„ major,  248 

,,  minor,  247 

„ PAL-iEINDICUS, 

248,  351  : distribu- 
tion, 252 : history, 
248  : lower  molars, 
250 : up.  molar,  248 
„ vetus,  248 

,,  zibethoides,  248 

Amyxodon,  1 87,  196 
Ancodus,  15  4 

,,  aymardi,  157 

,,  borbonicus,  157 

„ incertus,  157 

,,  insignis,  157 

,,  leptorhynchus,  157 
,,  macrorhinus,  157 

„ velaunus,  157 

Anthracotheridse,  147 
Anthracotherium,  148 

,,  avernum,  149 

„ alsatiacum ,•  148 

,,  alsaticum,  148 

„ breviceps,  148 

,,  cuvieri,  148 

„ dalmatinum,  148 

, , gergovianum,  157 

,,  hippoideum,  148 

„ HYOPOTAMOIDES, 
148,152:  history,  1 52 : 
mandible,  154  : up. 
molar,  153 

„ laharpei,  177 

,,  magnum, 149, 176 

.,  minus,  177 

,,  onoideum,  148 

„ punjabie7ise,  1 49 
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Anthracotherium  SILISTRENSE, 
149,  166:  distribu- 
tion, 152:  history, 
149:  mandible,  151: 
up.  molars,  150 
,,  Third  Siwalik 

species,  176 
„ valdense^  177 

,,  velaunum,  157 

Aonyx,  187 

,,  horsficldi,  189 
,,  sikimensis,  189 
Aphelops,  9 

„ crassus,  3 

,,  fossiger,  3 
,,  jemezanus,  4 

,,  megalodus,  4 

, , meridianus,  4 

Archaelurus,  314 
Arc.tonyx,  178 
Arctotherium,  205,  236 

,,  bonariense,  237 

,,  lalidens,  236 

,,  simum,  237 

Asinus,  71 

,,  burclielli,  71 

,,  equioides,  71 

„ equuleus,  71 

,,  hemionus,  71,  72 

,,  Jiemippus,  71 

,,  hippargus,  71 

„ kiang,  71,  72 

,,  , onager,  72 
,,  polyodon,  71 
„ . quagga,  72 
,,  vulgaris,  71 

,,  zebra,  72 

Alelodus  antiqUitatis,  7 
,,  aymardi,  5 
„ bicornis,  5 
,,  deccanensis,  5 
„ elatus,  6 

,,  hemitccchus,  5 

,,  lepiorhinus,  6 

,,  pachygnathus,  6 
„ smus,  6 

„ tichorhinus,  7 

B. 

Barangia,  187 


Bothriodon,  154 

,,  insignis,  157 

,,  leplorhynchus , 157 
,,  platyrhynchus,  157 

,,  velaunus,  157 

Brachycyon,  245 
Brady  pus  ur sinus,  209 
BRAMATHERIUM,  129 

„ PERIMENSE,  130: 
cranium,  130:  his- 
tory, 130  : limb- 

bones,  131  : lower 

molar,  141:  teeth 
and  mandible,  130 

C. 

Cailojlonta  antiquitaiis,  7 
,,.  hemitcechus,  6 
,,  pallasi,  7 
Cainotherium  courtoisi,  157 

,,  renevieri,  157 

Camelopardalidae,  99  ; characters, 
101  : definition,  99  : 
genera,  101  : unde- 

termined remains,  137 
Camelopardalis,  102:  molars,  102: 

No.  of  species,  1 02 
,,  ajfinis,  102-3 

,,  attica,  102 

,,  biturigum,102,ll  1 

,,  giraffa,  102,  111 

„ SIVALENSIS,  102-3: 
distribution,  111: 
history,  103  : low. 
milk-molar,  109  : 
mandible,  107:  up. 
molars,  105  : verte- 
brae, 109 

,,  vetusta,  102,  111 

Caninse,  240 
Canis,  252 

,,  argentatus,  240-41-56 
,,  aureus,  265 
,,  bengalensisi  256 

„ borbonicus,  253 

,,  brevirostris,  247 
,,  CAUTLEYI,259 : cranium, 
261  : distribution,  264  : 
history,  259  : mandible, 
259 


Canis  chanco,  262 
,,  corsac,  256 
„ CURVIPALATUS,  253: 
affinities,  258  : cranium, 
254:  history,  253:  man- 
dible, 257 
,,  crocuta,  277 
,,  etruscus,  253-63 
,.  falconeri,  253-63 

„ famelicus,  240 

,,  haydeni,  264 

,,  hycena,  277 

,,  indianensis,  264 

,,  issiodorensis , 247 

,,  laniger,  262 

,,  littoralis,  240-41-56 
,,  lupus,  262 

,,  matris-optimae,  264 
,,  montanus,  253 

,,  mikii,  261 

,, . neschersensis,  264 
,,  niloticus,  240 

„ NON.  DET.,  264 

,,  occidentalis,  263 

,,  pallipes,  262 

„ palustris,  264 

„ spalleti,  264 

,,  vulpes,  240 

,,  wheel  erianus,  264 

„ zerda,  240 

Cephalogale  geoffroyi,  202 
Ceratorhinus  aurelianensis,  4 
,,  blythi,  7 

,,  crossi,  7 

,,  cuculatus,  5 

,,  lasiotis,  5 

,,  monspessulanus,  6 

,,  niger,  7 

,,  schleiermacheri,  6 

,,  sumatranus,  7 

, , sumatrensis,  7 

Ceratotherium  oswelli,  6 
,,  simum,  6 

CHCEROMERYX,  149-66  - 

„ SILISTRENS1S : 
h istory  and  charac- 
ters, 166  : up. 
molars,  166 

Conepatus,  178 
Crocotta,  275 
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Crocotta  maculata,  277 
,,  spelcea,  277 
Crocuta,  274-5 

brunnea,  276 
„ maculata , 277 

Cultridens,  332 

,,  arvernensis , 333 

Cyclognathus,  154 

>>  gergovianus,  157 
Cynaelurus,  314 
Cynelos,  246 

,,  langensis,  247 
Cynhyaenodon,  348 
Cynodictis,  243 
Cynodon,  243 
Cyon,  241 

D. 

Danis,  206 

,,  cinereus,  209 
Dihoplus  sansaniensis,  6 
„ schleiermacheri,  6 
Dinictis,  314 
Dinocyon,  205 

,,  hemicyon,  202 

,,  thenardi,  202 

Dinotherium  INDICUM,  63:  man- 
dible, 63 : maxilla,  63 
Drepanodon,  332 

„ aphanista,  333 

,,  latidens,  333 

„ meganthereon,  333 

,,  , palmidens,  334 

sivalensis,  334 

E. 

Enhydriodon,  187 

„ ferox,  196 

,,  sivalensis,  196 

Enhydrocyon,  245 
Equidae,  67:  characters  of  teeth,  74: 
dentition,  74  : development  of 
teeth,  72  : history  of  fossil 
Indian  forms,  67  : homology 
of  structure  of  molars,  74 
Equus,  71,  87 

„ adamiticus,  71 

„ americanus,  71 

„ andHippotherium,^j/n'5«- 
t ion  of, 72 : No. of 'species  of \ 69 


Equus  angustidens,  70 

,-,  antiquorum,  7 1 

„ arcidens,  71 
,,  argentinus,  71 
,,  asina,  71 
,,  asinus,  71 
,,  ,,  africanus,  71 

„ ,,  europcBus,  71 

,,  ,,  fossilis,  71 

,,  „ onager,  71 

,,  ,,  primigenius,  70 

,,  braziliensis,  72 

,,  brevirostris,  71 

,,  burchelli,  7 1 

„ caballus,  70,  71 

,,  ,,  fossilis,  71 

,,  complicatus,  71 
„ conversidens,  71 
,,  curvidens,  71 
,,  devillei , 71 

,,  excelsus,  72 

s ,,  ferus,  71 
,,  fossilis,  71 
,,  f rat  emus,  71 

„ gracilis,  70 
,,  hemionus,  71,  72 
,,  indicus,  72 

,,  juvillacus,  71 
,,  kiang,  71 

„ khur,  72 

,,  magnus,  71 

„ major,  71 

,,  micrognathus,  71 
,,  minutus,  71 

,,  montanus,  71 
,,  mulus  primigenius,  70 
„ NAMADICUS,  72,  92  : 
distribution,  96  : history, 
92  : inaudible,  95  : milk- 
molars,  94  : up.  molars,  93 
,,  nanus,  70 

„ neogcBus,  72 

,,  occidentalis,  72 
„ onager,  71,  72 
,,  pacificus,  72 

,,  palceonus,  72 

,,  piscenensis,  71 
„ plicidens  71 

,,  prezewalkski,  72 
,,  primigenius,  70,  81 


Equus  priscus,  71 
„ quagga,  72 

„ quaggoides,  72 

,,  robustus,  71 

„ SIVALENSIS,  72,  87: 

characters,  92  : cranium , 
89:  distribution,^',  his- 
tory, 87  : limb-bones,  91  : 
mandible, 90:  milk-molars, 
91  : up.  molars,  87 
,,  spelceus,  71 

,,  stenonis,  72 

,,  tau,  72 

,,  varius,  71 

,,  zebra,  71,  72 

„ zebroides,  71 

Euarctos,  206 

„ americanus,  208 
„ cinnamomeus,  208 

Euhycena,  275 

,,  striata,  277 

Eusmilus,  314 

F. 

Felidae,  313  : limb-bones,  345 
Felis,  314,  320 
,,  antiqua,  334 
„ aphanista,  333 
„ arvernensis,  328 
,,  atrox,  326 
,,  augusta,  326 
„ BRACHYGNATHUS, 
326 : history,  326  : man- 
dible, 327 
,,  christoli,  320 
,,  CRISTATA,  320 : cranium, 
320  : distribution,  326  : 
history,  320  : specific  dis- 
tinctness, 326 
,,  cultridens,  333 
„ edwardsiana,  326 
„ europaea,  326 
„ gigantea,  333 
,,  grandicristata,  330 
„ imperialis,  326 

,,  isabellina,  319 

.,,  leo,  321 
,,  media,  320 
,,  meganthereon,  333 
» ogygia,  334 
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Felis  paloeotigj'is , 320 
,,  palmidens,  334 
,,  pygmaea,  320 
,,  smilodon,  334 
„ SP.  NON.  DET.,  328,  329, 
330 

„ SUBHIMALAYANA,  330: 
cranium * 330:  distribution, 
331  : history,  330  : man- 
dible and  limb-bones,  331 
,,  tigris,  321,  322 
Fossa,  266 

G. 

Galecynus,  243 
Galictis,  178 
Genetta,  266-7 

,,  tigrina,  266 
Gulo,  178 

H. 

Helarctos,  206 

,,  euryspilus,  210 

,,  malayanus,  210 

,,  nasutus,  208 

,,  ornatus,  210 

,,  tibetanus,  210 

Helictis,  178 
Helladotherium,  116 

„ DUVERNOYI,  116: 

cranium,  117:  dis- 
tribution, 118:  his- 
tory, 116:  limb-bones, 
117 

HEMIMERYX,  167 

„ BLANFORDI,  ,167  : 
distribution,  1 68  : 
history,  167  : low. 
molar,  168:  up. 
molar,  168 

Herpestes,  267 
Hipparion,  70,  7I5 
„ affine,  71 

,,  antilopinum,  70,  75 

,,  diplostylum,  70 

,,  gralum,  70 

,,  mediterraneum,  70 
,,  mesoslylum,  70 

„ Occident  ale,  70 

„ prostylum,  70 


Hipparion  speciosum,  70 
,,  theobaldi,  70 
,,  venus turn,  71 
Hippidion,  71 

,,  arcidens,  71 
,,  neogceum,  72 
,,  principalis,  72 

Hippodon,  70 

,,  speciosus,  70 
Hippoideum,  71 

,,  neogceum,  72 
Hippopotamus  dissimilis,  164 
Hippotherium,  74 

,,  affine,  70 

,,  and  Equus,  dis- 

tinction between 
molars  of,  74 

,,  and  Equus,  species 

of,  69 

„ ANTILOPINUM,  70, 
75 : compared  with 

American  species,  80  : 
compared  with  H. 

gracile,  79  : distribu- 
tion, 80  : history,  75  : 
limb-bones,  79  : low. 

milk-molars,  78:  man- 
dible, 77 : up.  milk- 

?nolars,  76  : up. 

molars,  75 

,,  calamarium,  70 

,,  gracile,  70 

,,  gratum,  70 

,,  meridionale,  70 

,,  mediterraneum,  70 

,,  nanum,  70 

,,  occidental,  70 

„ paniense,  70 

,,  speciosum,  70 

„ THEOBALDI,  70, 
81  : compared  with 
other  species,  84-5  : 
distribution,  86:  his- 
tory, 81  : limb-bones, 
86  : mandible,  85  : 
specific  distinctness, 
82-6  : up.  milk- 
molars,  81  : up. 
molars,  83 

„ venustum,  71 


Hippotigris,  71 

,,  antiquorum,  72 

,,  burchelli,  71 

Hoplophoneus,  314 
Hyaena,  275  : dentition,  275  : dis- 
tribution, 276  : mutual 
affinities  of  the  species, 
310  : No.  of  species,  276 
,,  antiqua,  276 
,,  antiquorum,  277 
,,  arvernensis,  276,  310 

„ brevirostris,  276,  310 

,,  brunnea,  276,  310 

,,  capensis,  277 

,,  chaeretis,  276,  310 

„ COLVINI,  290,  310  : 

affinities,  297  : cranium, 
290  : distribution,  298  : 
history,  290 : mandible, 
295  : maxilla,  293 
„ crocuta,  277,  310 

,,  eximia,  277,  310 

,,  fasciaia,  277 
„ FELINA,  278,  310: 

affinities,  287  : characters 
of  up.  cheek-teeth,  284  : 
cranium,  280 : distribution, 
289  : history,  278  : man- 
dible, 284:  up. incisor,  284 
„ fusca,  276 
,,  graeca,  277,  310 

,,  hipparionum,  277 

,,  intermedia,  277 

„ MACROSTOMA,  298, 

310:  cranium,  298:  his- 
tory, 298  : mandible,  301 
,,  maculata,  277 

,,  monspessulana,  277 

,,  neogcea,  277,  333 

,,  orientalis,  277 

„ perrieri,  277,  310 

,,  prisca,  277 

,,  rufa,  277 

.,,  sinensis,  277,  278,  288 

„ SIVALENSIS,  278,  303, 

310:  affinities,  308:  cra- 

nium., 304  : distribution, 
309  : history,  303  : man- 
dible, 306 
,,  spelcea,  277 
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Hyaena  SP.  NON.  DET.,  309 
„ striata,  277,  310 

,,  veterum,  277 

,,  villosa,  276 
,,  virgata,  277 
„ vulgaris,  277 
Hysenarctos,'  205  : affinities,  236  : 

distribution,  220  : 
history,  219  ; No. 
of  species,  221 
,,  hemic  yon,  202 

„ PALHiINDICUS, 

232 : distribution, 236 : 
history,  232  : man- 
dible, 234  ; maxilla, 
232  ; specific  distinct- 
ness, 234:  up.  canine, 
234 

„ PUNJABIENSIS, 

226 : distribution,  232 : 
history,  226 : mandible, 
229  : maxilla,  228  : 
molars,  226  : specific 
distinctness,  231 
„ Red-Crag  species,  227 

„ SIVALENSIS,  220  : 

distribution,  225  : 
cranium,  220 : history, 
220  : limb  - bones, 

224-5  : mandible, 

223 

Hycenictis,  274-5 

,,  grcEca,  277 
Hyaenidae,  274 
Hyaenocyon,  245 
Hyaenodon,  348 

„ INDICUS,  349:  low. 

premolar,  349 ; low. 
molar,  349 

Hyaenodontidae,  318 
Hycenoides,  212 
Hydaspidotherium,  1 1 9 
HYDASPITHERIUM,  119 

„ GRANDE,  126  : 

distribution,  129  : 
history,  126 : Iwib- 
bones,  129:  man- 
dible, 127  : up. 
molar,  127 

,,  leptognaihus,  126 


HYDASPITHERIUM  MEGA- 
CEPHALUM,1 19 : 
distribution,  1 26 : his- 
tory, 119:  limb-bones, 
123:  mandible,  120: 
milk-molars,  122:  up. 
molars,  119:  verte- 
bj-cc,  125 
Hydrocyon,  246 
Hydrogale,  187 

Hyopotamus,  151:  distribtition, 
155  : history  and 
characters,  154  : No. 
of  species,  156 
,,  amencanus,  157 

,,  borbonicus,  157 

,,  bovinus,  157 

,,  crispus,  157 

„ gergovianus,  157 

„ GIGANTEUS,  157: 

history,  160:  man- 
dible, 163  : up.  molar, 
160 

„ gresslyi,  157 

,,  guyotanus,  157 

,,  leptorhyilchus,  157 

„ PAL^EINDICUS, 

157-8  : distribution, 
160:  history,  158  : low. 
molar,  159:  mandible, 
159  : up.  molars,  158 
,,  porcinus,  157 

,,  renevieri,  157 

,,  vectianus,  157 

,,  velaunus,  157 

I. 

Ichneugale,  268 
Icticyon,  242 
Ictitherium,  311 

,,  sivalense,  312 
Ictonyx,  178 

J- 

Japan,  Siwalik  Proboscidia  of,  65 

L. 

Latax,  187 
Leo,  320 
j Leopardus,  320 


LEPTHYvENA,  275,  312 

„ SIVALENSIS,  312: 
affinities,  313;  his- 
. tory,  312:  mandible, 
312 

Loutra,  187 

Lupus,  252 

Lutra,  187  : Asiatic  species,  189: 

dentition,  187  ; fossil 
species,  189 
,,  affinis,  190 
,,  antiqua,  190 
,,  aurobrunnea,  189 
„ BATHYGNATHUS, 
193:  affinities,  195: 
distribution,  195;  his- 
tory, 193:  mandible, 
193 

,,  bravardi,  190 

,,  campani,  190,  198 

,,  chinensis,  189 

,,  clermontensis , 190 

„ dubia,  190 

,,  elaverus,  190 

,,  ellioti,  189 

,,  indica,  1.89 

,,  indigitata,  189 

,,  lalandi,  194 

,,  leptonyx,  187-9 

,,  lorteti,  190 

,,  monticola,  189 

,,  nair,  189 

„ PAL/EINDICA,  190: 

cranium,  191  : distribution, 
193:  history,  190:  man- 
dible, 192 

,,  piscinaria,  190 

,,  simung,  189 

„ SIVALENSIS,  196,  351: 
cranium,  196 : dentition, 
197 : distribution,  201  : 
history,  196;  mandible,  351 
,,  sumatrana,  189 

,,  swinhoei,  189 

,,  taragensis,  189 

,,  valetoni,  190 

,,  vulgaris,  190 

Lutrictis,  190 
Lutrinae,  187 
Lutronectes,  187 
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Lycaon,  242,  263 
„ pictus,  242 
Lycorus,  245,  263 
Lynx,  320 

M. 

Machaerodus,  314,  332 ; distribu- 
tion and  No.  of  species, 
332 

,,  bidentatus,  334 

,,  brachyops,  334 

,,  cerebralis,  334 

„ cultridens,  333 

„ falconeri,  334 

,,  fatalis,  333 

,,  gracilis,  333 

„ hyoenoides,  334 

insignis,  333 
,,  latidens,  333 

„ leoninus,  333 

„ maritimus,  334 

„ meganthereon,  333 

„ necator,  334 

„ neogaeus,  314,  334 

„ occidentalis,  334 

ogygius,  334 

„ PAIJEINDICUS,  341 : 
affinities,  345 ; cranium, 
343  : distribution,  345  : 
history,  341  : incisor, 
344 : mandible,  341. 

„ palmidens,  334 

„ perarmatus,  334 

,,  primcBVUS,  334 

„ SIVALENSIS,  334 : 

affinities,  340:  canine, 
339  : cranium,  340 : 
distribution,  341 : his- 
tory, 334 : mandible, 
335  : maxilla,  338. 

,,  strigidens,  334 

Mastodon  PANDIONIS,  64 
Meganthereon , 332 

,,  aphanista,  333 

,,  brevidens,  333 

,,  cultridens,  333 

,,  falconeri,  334 

,,  macrocelis,  333 

,,  neogceus,  334 

,,  palmidens,  334 


Meles,  178 
Mellivora,  178,  180 

„ PUNJABIENSIS,  183: 
affinities,  183  : cranium, 
180:  distribution,  183: 
mandible,  182 

„ SIVALENSIS,  180: 
distribution,  185:  his- 
tory, 183  : mandible,  184 
MELLIVORODON,  185 

„ PAL.EINDICUS, 
185:  history,  185: 
mandible,  185 

Melursus,  206 

„ libycus,  209 

,,  ursinus,  209 

Mephitis,  178 
Merycopotamidae,  164 
MERYCOPOTAMUS,  164 

„ DISSIMILIS,  164: 
characters,  165:  dis- 
tribution, 166  : his- 
tory, 164 : position, 
166 

,,  sivalensis,  166 
Mustela  lutra,  190 
Mustelidae,  178 
Mustelinae,  178 
Mydaus,  178 
Myrmarctos,  206 

,,  eversmanni,  208 

N. 

Nimravidce,  313 
Nimravus,  314 
Nutria,  187 

O. 

Oreodontidae,  171 
Otocyon,  242 
Oxyaena,  348 

P. 

Palaeocyon,  245 
Palaeomerycidae,  173 
Paradoxurus,  267 
Pogonodon,  314 
Prionodon,  266 
Proaelurus,  314 
Prochilus,  206 


Prochilus  labiatus,  209 
,,  malayanus,  210 
PROPAL^EOMERYX,  173 

„ SIVALENSIS, 
173:  low.  molar, 
174 : up.  molar, 
173 

Protopsalis,  348 
Pro  teles,  274 
Pseudaelurus,  314 

,,  sivalensis,  317 
Pseudocyon,  246 

,,  sansaniensis,  247 
Pterodon,  348 

R. 

Ratelus,  180 
Rhinaster  bicornis,  5 
,,  keitloa,  5 
Rhinoceros,  28 

,,  africanus,  5 

„ and  Acerotherium, 

No.  of  species  of,  3 
,,  angustiriclus,  7,  28 

„ annectans,  4 

,,  antiquitatis,  7 

,,  asiaticus,  5 

„ aurelianensis,  4 

„ austriacus,  4 

,,  bicornis,  5 

,,  ,,  capensis,  5 

„ brachypus,  3 

,,  brucei,  5 

,,  camper i,  5 

„ camus,  7 

,,  characters  of  skulls 

of  Siwalik  species,  2 
„ cimogorrhensis,  5 

„ crassus,  3 

,,  crossi,  7 

,,  cuculatus,  5 

,,  cuvieri,  6 

„ DECCANENSIS,  5 

,,  elatus,  6 

,,  etruscus,  5 

„ floweri,  5 

„ fossilis  indicus,  28 

„ GAJENSIS,  40  : cra- 

nium, 40 : up. molar,  41 
„ goldfussi,  3 
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Rhinoceros  hemitcechus,  6 
„ hesperius,  5 

,,  incisivus,  4 

„ indicus,  5 

„ ,,  fossilis,  7 

,,  inermis,  5 

,,  iravadicus,  4,  9 

,,  javanus,  5 

,,  javanicus,  5 

. ,,  jourdaini,  7 

,,  keitloa,  5 

,,  kirkbergensis,  6 

„ lasiotis,  5 

,,  lemanensis,  3 

,,  . lenensis,7 
,,  leptodon,  6 

,,  leptorhinus,  5,  6 

,,  lunullensis,  6 

,,  megarhinus,  6 

,,  meridianus,  4 

,,  merki,  5,  6 

, , mesotropus,  6 

,,  minulus,  4 

,,  monspessulanus,  6 

„ NAMADICUS,  5,  6 

,,  nasalis,  5 

„ niger,  5 

,,  occidental is,  4 

„ oregonensis,  6 

„ oswelli,  7 

,,  pachygnathus,  6 

„ pacificus,  4 

„ PAL^INDICUS,  6, 

42  : cranium , 43  : 

distribution , 48  : his- 

tory, 42  : mandible , 

47  : milk-molars,  46  : 
up.  molars,  43 

,,  pedigree  of  Asiatic 

species,  56 

,,  perimensis,  4,  9 

,,  planidens,  4 

„ pleuroceros,  4 

„ PRATYRHINUS,  6, 

48  : compared  with 

other  species,  51  : cra- 

nium, 49:  history,  48 : 
mandible,  53  : milk- 
molars,  52 : up. 

molars , 49 


Rhinoceros  primigenius,  6,  7 
,,  priscus,  6 

„ protichorhinus,  6 

„ randanensis,  6 

„ sansaniensis,  6 

„ schleiermacheri,  6 

,,  simorrensis,  6 

,,  simus,  6 

,,  sinensis,  7 

„ SIVALENSIS,  7, 28 : 

history, 28  -.mandible, 
39  : up.  molars,  29 
,,  sondaicus,  5 

,,  steinheimensis,  4 

„ stenocephalus,  5 

,,  sumatranus,  7 

,,  sumatrensis,  7 

,,  tetradactylus,  4 

,,  tichorhinus,  6,  7 

,,  undetermined  Si walik 

remains,  55 
,,  unicornis , 5 

Rhinocerotidae,  1 : molar  dentition, 
7,  36  : two  types  of 
molars,  8 : value  of 
molars  as  indicating 
affinity 

S. 

Sivalarctos,  219 

,,  sivalensis,  220 

Sivalhippus,  70 

„ theobaldi,  70,  81 

SIVAMERYX,  169 

„ SINDIENSIS, 

1 69  : up.  molar, 
169  : various  re- 
mains, 170 

SIVATHERIUM,  131  : position 
of,  136,  140 

„ GIGANTEUM, 

\Z  \ -.history,  131: 
limb-bones,  134  : 
milk-molars,  1 34 : 
up.  molars,  134  : 
vertebrae,  134 

Siwalik  Proboscidia  in  Japan,  65 
„ rhinoceroses,  mandibles 
of,  36 

Smilodon,  332 


Smilodon  fatalis,  333 
,,  gracilis,  333 
,,  necator,  334 
,,  neogceus,  334 

,,  populator,  334 

Speothos,  245 
Steneodon,  332 

,,  cultridens,  333 

,,  meganthereon,  333 

Steneoplesictis,  314 
Suina  Selenodontia,  142 
Sus  breviceps,  148 

T. 

Tapinodon,  154 

,,  gresslyi,  157 
Taxidea,  178 
Taxotherium,  348 
Temnocyon,  245 
Thalarctos,  206 

,,  marilimus,  210 
Thallasarctos,  206 

„ maritimus,  210 

Tigris,  320 
Tremarctos,  206 

,,  ornatus,  210 
Trucifelis,  332 

,,  fatalis,  333 

U. 

Uncia,  320 

,,  cristata,  320 
„ grandicristata,  320 
Urocyon,  252 
Ursidae,  202 
Ursinae,  204 
Ursitaxus,  180 

Ursus,  205-6  : dentition,  206  : dis- 
tribution, 207  : No.  of 
species,  208 
„ albus,  210 

,,  americanus,  208,  211 
„ arctos,  208,  211 

,,  arvernensis,  209,  211 
,,  bonariensis,  211 

,,  bourguignati,  209 

,,  braziliensis,  211 

,,  cadavarinus,  208 

,,  cancrivorus,  211 

,,  caudivolvulus,  211 
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Ursus  cinereus,  209 
,,  cinnamomeus , 208 
,,  col  laris,  208 
,,  crowtheri,  209 
,,  cultridens,  333 
,,  drepanodon , 333 
,,  etruscus,  209 
,,  eversmanni,  208 
,,  faidherbianus,  209 
,,  ' falcularis,  208 
,,  ferox,  209 
„ formicarius , 208 
,,  formosanus,  210 
,,  fossilis,  209 
,,  fuscus,  208 
,,  gedrosianus,  210 
,,  gularis,  208 
,,  horribilis,  209,  211 
,,  horridus,  209 
,,  inornatus,  209 
,,  isabellinus,  208 
,,  japonicus,  209 
,,  labiatus,  219,  21 1 
,,  lasio/is,  208 
,,  letourneuxianus,  210 
„ leuconyx , 208 
„ longirostris,  208 
„ lotor,  211 
,,  luleolus,  208 
,,  malayanus,  210,  211 
,,  mar hms,  210 
,,  maritimus,  210,  211 
,,  melanoleucus,  211 
,,  minimus,  209 
,,  minutus,  209 
„ NAMADICUS,  216:  cra- 
nium, 2\%  : distribution,  218 : 
history,  216:  'maxilla,  216: 
tibia,  218 


Ursus  nasutus,  208 
,,  niger,  208 
,,  norveygicus,  208 
,,  ornatus,  210,  21 1 
,,  piscator,  209 
,,  polar  is,  210 
,,  priscus,  209 
,,  pruinosus,  208 
,,  pyrenaicus , 208 
,,  richardsoni,  209 
,,  rouvieri,  210 
,,  sivalensis,  220 
,,  spelcBus,  210 
,,  syriacus,  208 
„ THEOBALDI,  211  : cra- 
nium, 211:  distribution, 
216:  history,  211  : relation 
to  U.  labiatus,  215 
,,  tibetanus,,  210 
,,  torquatus,  210 

V. 

VISNUTHERIUM,  112 

„ IRAVADICUM, 

l\2\ history, W'2\ 
metatarsus,  113: 
vertebrae,  115: 
up.  molars,  112 

Viverra,  266-7 : No.  of  species,  267 : 

distribution,  268 
,,  angustidens,  267 
,,  . anti  qua,  267 
,,  BAKERI,  268  : cranium, 
269:  distinctness,  270: 
distribution,  271 : history, 
268  : maxilla,  270 
,,  bengalensis,  268 
,,  civetta,  267-9 

,,  civettina,  268 


Viverra  civettoides,  268 

„ DURANDI,  271  : cra- 
nium, 271-3:  history , 
271 

,,  exilis,  267 
,,  gigantea,  268 
,,  indica,  268 
,,  lemanensis,  267 
„ leptorhyncha,  268 
,,  m'alaccensis,  268 
,,  megaspila,  268 
,,  melanura,  268 
,,  minima,  268 
,,  orientalis,  268 
,,  pallida,  268 
,,  parisiensis,  268 
,,  primceva,  267 
,,  rasse,  268 
,,  sansaniensis,  268 
,,  tangalunga,  268 
,,  undulata,  268 
,,  zibetha,  266-8-9-70 

,,  zibethoides,  248-68 

Viverricula,  266-8 
Viverridse,  265 
Vulpavus,  245 
Vulpes,  252 

Z. 

Zalabis  sivalensis,  7,  28 
Zebra,  71 

,,  indica,  72 
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PLATE  I. 

Acerotherium  perimense,  Falconer  and  Cautley. 

Cranium  of  an  adult,  viewed  from  the  left  side  (fig.  1).  and  from  the  front  (fig.  2)  : from  the 
Punjab.  One-third  natural  size.  (No.  C.  1,  Ind.  Mus.) 


JoduPTath.  Das,litM.  - Printed,  at  Geol-  Survey  Office . 


PLATE  II. 

Acerotherium  perimense,  Falconer  and  Cautley. 

A portion  of  the  left  upper  molar  series,  showing  the  four  premolars,  and  the  first,  and  part  of 
the  second  true  molar  : from  the  Punjab  : natural  size,  and  viewed  from  the  inner  side.  (No.  C.  2, 
Ind.  Mus.) 


GeoT.  Surv-.  of  India.  T E R.I.I  ARY  V E:JRr. T E B R A T A , • Vol.  II.  Fill. 
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PLATE  II a. 


Acerotherium  perimense,  Falconer  and  Cautley. 

The  right  upper  molar  series,  from  a palate  specimen  in  the  Museum  of  the  Bombay  Branch  of 
the  Royal  Asiatic  Society  : from  Perim  Island  : natural  size,  and  viewed  from  the  inner  side. 


J.  Scliairatorg.LTth* 


PLATE  III. 

Acerotherium  perimense,  Falconer  and  Cautley. 

Fig.  1.  Part  of  the  left  ramus  of  a young  mandible,  showing  the  first  true  molar  in  its  alveolus. 
(No.  C.  238,  Ind.  Mus.) 

„ 2.  Second  and  third  left  upper  milk-molars.  (No.  C.  18,  Ind.  Mus.) 

„ 3.  Second  right  upper  true  molar.  (No.  C.  7,  Ind.  Mus.) 

„ 4.  Left  upper  incisor,  viewed  from  the  inner  side;  the  inferior  border  on  the  left. 

(No.  C.  14,  Ind.  Mus.) 

„ 5.  Third  right  upper  true  molar  (No.  C.  3,  Ind.  Mus.) 

All  the  specimens  are  drawn  of  the  natural  size,  and  were  obtained  from  the  Siwaliks  of 
the  Punjab. 


Jo  lu  Nath  D as.LitM 


Printel  at  G-eoL  Survey  Jf'+i.e 


PLATE  IV. 


Acerotherium  perimense,  Falconer  and  Cautley. 

1.  The  symphysis  and  part  of  the  right  ramus  of  the  mandible,  showing  incisor,  premolars 

and  first  true  molar,  viewed  from  the  outer  side. 

2.  The  first  and  second  true  molars  of  the  opposite  side  of  the  same  mandible,  viewed  from 

the  outer  side : from  the  Punjab.  Both  figures  are  of  the  natural  size.  (No.  C.  4, 
Ind.  Mus.) 


Survey  Office. 


PLATE  V. 


Rhinoceros  sivalensis,  Falconer  and  Cautley. 

1.  Second  right  upper  true  molar  : half  worn  : from  the  Punjab.  (No.  C.  23,  Ind.  Mus.) 

2.  Second  right  upper  true  molar  : slightly  touched  by  wear  : from  the  lower  Manchhar 

group  of  Sind.  (No.  C.  34,  Ind.  Mus.) 

3.  Second  left  upper  premolar  : much  worn  : from  the  Punjab.  (No.  C.  77,  Ind.  Mus.) 

4.  Last  left  upper  true  molar  : in  an  intermediate  state  of  wear  : from  the  Punjab.  (No.  C. 

11,  Ind.  Mus.) 

5.  First,  or  second,  left  upper  true  molar : in  germ : from  the  Punjab.  (No.  C.  37, 

Ind.  Mus.) 

6.  Third  right  upper  premolar  : one-third  worn  : from  the  Punjab  (No.  C.  26,  Ind.  Mus.) 

Var.  g A jens is.  First,  or  second,  right  upper  true  molar:  partly  broken:  from  the  Gaj 
group  of  Sind.  (No.  C.  36,  Ind.  Mus.) 
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TERTIARY  YERTEBRATA  . 
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PLATE  VI. 


1 . Rhinoceros  paheindicus  (?)  Falc.  and  Caut. : last  premolar,  and  first  and  secondt  rue 

molars : from  the  Punjab  : natural  size.  The  specimens  belong  to  a small  form  of 
the  species.  (No.  C.  50,  Ind.  Mus.) 

2.  Rhinoceros  sivalensis  (?)  Falc.  and  Caut. : second,  third,  and  fourth  milk-molars  of 

the  left  side  : from  the  Punjab  : natural  size.  (No.  C.  46,  Ind.  Mus.) 

3.  Rhinoceros  sivalensis  (?)  Falc.  and  Caut.  Symphysis  and  left  ramus  of  mandible, 

containing  second,  third,  and  fourth  premolars,  and  three  true  molars : from  the 
Punjab  : half  natural  size.  (No.  C.  56,  Ind,  Mus,) 


Greol-.  Surv-.  of  India. 
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PLATE  VII. 


1.  Rhinoceros  sivalensis,  Falc.  and  Caut.,  var.  gajensis  Lyd.  Hinder  part  of  cranium  : 

from  the  Gaj  group  of  Sind.  (No.  C.  36,  Ind.  Mus.) 

2.  Rhinoceros  PALiEiNDicus  (?)  Falc.  and  Caut.  Last  right  upper  premolar : from  the 

Punjab.  (No.  C.  26,  Ind.  Mus.) 

3.  Rhinoceros  pamhndicus,  Falc.  and  Caut.  The  four  milk-molars  of  the  right  side ; 

from  the  cast  of  a young  skull  in  the  British  Museum,  from  the  Siwaliks. 

4.  Rhinoceros  platyrhinus,  Falc.  and  Caut.  Second  and  third  left  upper  milk-molars ; 

from  the  cast  of  a specimen  in  the  British  Museum,  from  the  Siwaliks.  (No.  C 47, 
Ind.  Mus.) 

Fig.  1 is  drawn  of  about  half  the  natural  size,  the  rest  are  drawn  of  the  natural  size. 
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PLATE  VIII. 


Rhinoceros  platyrhines,  Falconer  and  Cautley. 

The  right  upper  molar  dentition  : from  the  cast  of  a cranium  in  the  British  Museum,  collected 
by  the  late  Colonel  Baker  in  the  Siwaliks  : two-thirds  the  natural  size. 
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PLATE  IX. 

1.  Acerotherium  perimense,  Pale,  and  Caut.  Siwalik  : restored  view  of  cranium,  from  the 

specimen  figured  in  plate  I : the  relations  of  the  inferior  squamosal  processes,  and 
the  presence  of  two  incisors  are  hypothetical.  About  one-sixth  natural  size. 

2.  Rhinoceros  platyriiinus,  Falc.  and  Caut.  Siwalik  : restored  view  of  cranium,  from 

a cast  of  the  specimen  collected  by  Colonel  Baker  in  the  Siwaliks,  and  now  in  the 
British  Museum : the  union  of  the  inferior  squamosal  processes  is  not  clearly  ex- 
hibited. About  one-sixth  natural  size. 

3.  Rhinoceros  sumatrensis,  Cuv.  Recent : lateral  view  of  cranium,  copied  from  De 

Blainville’s  “ Osteographies  Rhinoceros,  plate  II : the  non-union  of  the  inferior 
squamosal  processes  is  well  shown.  One-fifth  natural  size. 
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PLATE  X. 

1.  Rhinoceros  indicus,  Cuv.  Recent lateral  view  of  adult  cranium  copied  from  De 

Blainville’s  “ Ostdographie.”  Rhinoceros,  plate  II  : one-fifth  natural  size. 

2.  Rhinoceros  javanicus,  P.  Cuv.  Recent : lateral  view  of  cranium  copied  from  De 

Blainville,  loc.  cit.  : one-fifth  natural  size. 

3.  Rhinoceros  PALiEiNDicus,  Pale,  and  Caut.  Siwalik : restored  and  reduced  view  of 

cranium  taken  from  specimen  drawn  in  plate  LXXIII,  fig.  1 a,  of  the  “ Pauna 
Antiqua  Sivalensis.”  About  one-sixth  natural  size. 

4.  Rhinoceros  sivalensis,  Falc.  and  Caut.  Siwalik  : restored  view  of  a specimen  in  the 

Indian  Museum,  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab.  About 
one-sixth  natural  size. 
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PLATE  XI. 

1.  Hippotherium  antilopinum.  Falc.  and  Caut. ; part  of  left  maxilla,  showing  pre- 

molars  3 and  4 (pm.  3,  pm.  4),  and  true  molars  1 and  2 (m.  1 and  m.  2),  from  a 
specimen  collected  by  Mr.  Theobald  in  the  Siwaliks  of  Niki,  in  the  Punjab  (No.  C. 
139,  Ind.  Mus.).  The  teeth  are  in  an  early  stage  of  wear,  hut  later  than  in 
figure  3. 

2.  Hippotherium  antilopinum.  Pale,  and  Caut;  the  milk-molar  dentition  of  the 

left  side,  of  a colt  about  one  year  old ; from  a palate  specimen  collected  by  Mr. 
Theobald  in  the  Siwaliks  of  Niki.  The  specimen  shows  the  four  milk-molars 
(mm.  1 to  mm.  4),  and  the  unworn  germ  of  the  first  true  molar  (m.  1),  (No.  C.  138, 
Ind.  Mus.) . The  teeth  are  in  an  early  stage  of  wear. 

3.  Hippotherium  theobaldi.  Lydekker.  Fragment  of  the  left  side  of  the  maxilla  showing 

the  two  last  premolars  (pm.  3,  pm.  4),  and  the  two  first  true  molars.  Collected  by 
Mr.  Theobald  in  the  Siwaliks  of  Niki  (No.  C.  151,  Ind.  Mus).  The  teeth  are  in 
a very  early  stage  of  wear. 

4.  Hippotherium  theobaldi.  Lydekker.  Fragment  of  the  left  maxilla  of  a colt,  about 

one  year  old,  showing  the  three  last  milk-molars  (mm.  2,  mm.  3,  mm.  4),  and  the 
broken  base  of  the  first  tooth  of  the  same  series  (mm.  1).  Collected  by  Mr.  Theobald 
in  the  Siwaliks  of  Kaipar,  in  the  Punjab  (No.  C.  153,  Ind.  Mus.).  The  teeth  have 
only  just  come  into  wear. 

All  the  specimens  are  represented  of  the  natural  size. 
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PLATE  XII. 
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1.  Hippotherium  antilopinum  (?)  Falc.  and  Caut.  Fragment  of  the  left  ramus  of  the 

mandible  of  a colt,  showing  the  three  last  milk-molars  (mm.  2,  mm.  3,  mm.  4), 
the  first  true  molar  (m.  1),  and  the  alveolus  of  the  second  (m.  2).  Collected  by 
Mr.  Theobald  in  the  Siwaliks  of  the  Punjab  (No.  C.  148,  Ind.  Mus.). 

2.  Hippotherium  theobaldi.  Lydekker.  The  greater  part  of  the  left  ramus  of  the 

mandible,  wanting  a small  portion  in  the  middle,  and  showing  the  second  and  third 
premolars  (pm.  2,  pm.  3),  and  the  three  true  molars  (m.  1,  m.  2,  m.  3).  Collected 
by  Mr.  Theobald  in  the  Siwaliks  of  Niki,  in  the  Punjab,  associated  with  the  speci- 
men drawn  in  figure  3 of  plate  xi.  (No.  C.  159,  Ind.  Mus.). 

3.  Hippotherium  antilopinum  (?)  Falc.  and  Caut.  Part  of  left  ramus  of  the  mandible, 

containing  the  third  and  fourth  premolars  (pm.  3,  pm.  4),  and  the  three  true 
molars  (m.  1,  m.  2,  m.  3).  Collected  by  Mr.  Theobald  in  the  Siwaliks  of  the 
Punjab.  (No.  C.  142,  Ind.  Mus  ). 

4.  Hippotherium  theobaldi.  Lydekker.  Part  of  the  right  ramus  of  the  mandible, 

showing  the  two  last  promolars  (pm.  3,  pm.  4),  and  the  three  true  molars 
(m  1,  m 2,  m 3).  Collected  by  Mr.  Theobald  in  the  Siwaliks  of  Jabi,  in  the 
Punjab.  (No.  C.  172,  Ind.  Mus).  These  teeth  are  characterised  by  an  unusual 
quantity  of  cement. 

5.  Equus,  sp.  Part  of  the  right  ramus  of  the  mandible,  showing  the  three  true  molars. 

From  the  collection  of  the  Asiatic  Society  of  Bengal ; obtained  by  the  late  Con- 
ductor J.  Dawe  near  Nahan.  (No.  C.  173,  Ind.  Mus.). 

All  the  specimens  are  represented  of  the  natural  size,  and  are  viewed  from  the  outer 
side. 


PLATE  XIII. 

Hippotherium  theobaldi  Lyd. 

Fig.  1.  Third,  or  fourth  left  upper  premolar,  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the 
Punjab.  (No.  C.  157,  -Ind.  Mus.). 

Fig.  2.  Second  right  upper  premolar,  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab. 
(No.  C.  155,  Ind.  Mus.). 

Fig.  3.  Bones  of  the  anterior  foot : the  terminal  phalange  of  the  middle  digit  is  broken  : the 
three  lateral  phalanges  on  the  left  side  of  the  specimen  (right  side  of  figure),  and 
the  right  lateral  metacarpal,  have  been  restored  from  the  corresponding  bones  of 
the  opposite  side.  The  specimen  was  collected  by  Mr.  Theobald  in  the  Siwaliks  of 
Niki,  in  the  Punjab,  and  not  improbably  belonged  to  the  same  individual  as  the 
upper  jaw  represented  in  figure  3 of  plate  XI. 

All  the  specimens  are  represented  of  the  natural  size. 
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PLATE  XI Y. 

Fig.  1.  Equus  sivalensis.  Falc.  and  Caut.  Part  of  the  right  maxilla,  exhibiting  the  third 
and  fourth  premolars,  and  the  three  true  molars  : from  a specimen  collected  by  Mr. 
Theobald  in  the  higher  Siwaliks  of  the  village  of  Rupur,  in  the  Punjab.  (No.  C. 
181,  Ind.  Mus.). 

Fig.  2.  Equus  sivalensis.  Falc.  and  Caut.  The  complete  permanent  molar  dentition  of  the 
left  side,  from  a skull  collected  by  Mr.  Theobald  in  the  higher  Siwaliks,  near  the 
village  of  Padri,  in  the  Punjab.  The  teeth  are  in  an  intermediate  condition  of 
wear.  (No.  C.  179,  Ind.  Mus.) 

Fig.  3.  Equus  namadicus.  Falc.  and  Caut.  Part  of  the  left  maxilla,  showing  the  base  of 
the  first  premolar  (pm.  1),  and  the  whole  of  the  remaining  molar  teeth  of  the 
permanent  series.  From  a specimen  collected  by  Mr.  Theobald  in  the  topmost 
Siwaliks  of  the  Hushiarpur  district.  Since  the  specimen  was  figured,  the  second 
premolar  (pm.  2)  has  unfortunately  crumbled  to  pieces.  (No.  C.  194,  Ind.  Mus.) 

All  the  specimens  are  represented  of  the  natural  si?e. 


T E R T IARY 


V E RTEBRATA. 


Geol. 


Voi.  n.  pi-.jxiv. 


' 


' 


vM  i- 


PLATE  XV. 

1.  Equus  sivalensis.  Falc.  and  Caut.  Fragment  of  the  right  maxilla  of  a colt,  about 

one  year  old,  showing  the  three  last  milk-molars  (mm.  2 to  mm.  4),  and  the  germ 
of  the  first  true  molar.  From  a specimen  collected  by  Mr.  Theobald  in  the  top- 
most Siwaliks  of  the  Hushiarpur  district.  (No.  C.  182,  Ind.  Mus.). 

2.  Equus  namadicus.  Falc.  and  Caut.  Fragment  of  the  right  maxilla  of  a colt,  about 

two  years  old,  showing  the  first  milk-molar  (m.  1),  parts  of  the  second  milk-molar 
and  second  premolar  (mm.  2.  pm.  2),  the  third  and  fourth  milk-molars  (mm.  3 
mm.  4),  and  the  first  true  molar  (m.  1).  From  a specimen  collected  in  the  Nar- 
bada valley  by  Mr.  Hacket,  (No.  F.  3,  Ind.  Mus.). 

3.  Equus  namadicus.  Falc.  and  Caut.  Fragment  of  the  left  maxilla,  showing  the  base 

of  the  first  premolar  (pm.  1),  the  three  latter  premolars  (pm.  2-4),  and  the  first 
true  molar  (m.  1).  The  teeth  are  in  an  early  state  of  wear.  From  a specimen 
collected  by  Mr.  Hacket  in  the  Narbada  valley.  (No.  F.  2,  Ind.  Mus.) 

4.  Equus  namadicus.  Falc.  and  Caut.  Fragment  of  the  right  maxilla,  showing  three 

premolars  (pm  2.  to  4),  and  the  first  true  molar  (m.  1) ; the  teeth  are  well  worn. 
Collected  by  Mr.  Theobald  in  the  higher  Siwaliks  of  the  Kangra  district.  (No.  C. 
195,  Ind.  Mus.). 

All  the  specimens  are  represented  of  the  natural  size. 
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PLATE  XVI. 

Fig.  1.  Camelopardalis  sivalensis,  Fale.  and  Caut.  Part  of  the  right  maxilla,  containing  the 
third  and  fourth,  premolars  (pm.  3,  pm.  4),  and  the  first  and  second  true  molars 
(m.  1.  m.  2) ; from  a specimen  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the 
Punjab.  (Ind.  Mus.,  No.  B.  184.) 

Fig.  $.  Part  of  the  left  maxilla  of  the  same  individual  as  the  last ; the  specimen  shows  the  three 
true  molars  (m.  1,  m.  2,  m.  3). 

Fig.  3.  Hydaspitherium  megacephaltjm,  Penultimate  left  lower  milk-molar;  collected  by  Mr. 
Theobald  in  the  Siwaliks  of  the  Punjab.  (Ind.  Mus.,  No.  B.  176.) 

Fig.  4.  Undetermined.  Second  lower  milk  or  premolar  of  a giraffoid  animal ; collected  by 
Mr.  Theobald  in  the  Siwaliks  of  the  Punjab. 

Fig.  5.  Camelopardalis  sivalensis,  Falc.  and  Caut.  Part  of  the  right  ramus  of  the  maudible, 
showing  the  base  of  the  third  premolar  (pm.  3),  the  fourth  premolar  (pm.  4),  the 
first  true  molar  (m.  1),  the  base  of  the  second  true  molar  (m.  2),  and  the  third  true 
molar  (m.  3).  The  specimen  was  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the 
Punjab,  and  probably  belonged  to  the  same  individual  as  the  upper  molars  represented 
in  figures  1 and  2.  (Ind.  Mus.,  No.  B.  173.) 

Fig.  6.  Camelopardalis  sivalensis,  Falc.  and  Caut.  The  last  right  lower  true  molar  of  a small 
individual,  implanted  in  a fragment  of  the  mandible ; collected  by  Mr.  Theobald  in 
the  Siwaliks  of  the  Punjab,  in  a low  horizon.  (Ind.  Mus.,  Mo.  B.  179.) 

Fig.  7.  (?)  Vishnutherium  iRAVADicuM,  Lydekker.  The  second  and  third  upper  true  molars  of 
the  right  side,  but  slightly  abraded  by  wear ; collected  by  Mr.  Theobald  in  the 
Siwaliks  of  Asnot,  in  the  Punjab.  (Ind.  Mus.,  No.  B.  139.) 

Fig.  8.  Camelopardalis  sivalensis,  Falc.  and  Caut.  Last  right  lower  milk-molar  of  an  extreme- 
ly young  fawn;  collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab.  (Ind.  Mus., 
No.  B.  175.) 


All  tlie  figures  are  drawn  of  the  natural  size. 
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PLATE  XVII. 


Fig.  1.  Sivatherium  giganteum,  Falc.  and  Caut.  Right  metacarpal  j Siwalik:  copied  from  plate 
B.,  fig.  1 5 of  “ Fauna  Antiqua  Sivalensis.” 

Fig.  2.  (?)  Sivatherium  giganteum,  Falc.  and  Caut.  Left  metatarsal ; Siwalik : copied  from  plate 

E,  fig.  12  of  “ Fauna  Antiqua  Sivalensis.” 

Fig.  3.  (?)  Vishnutherium  iravadicum,  Lyd.  Left  metatarsal,  wanting  distal  extremity ; col- 

lected by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab.  (Ind.  Mus,,  No.  B.  286.) 

Fig.  4.  Helladotherium  duvernoyi,  Gaud,  and  Lart.  Metatarsal ; Pikermi : copied  from  plate 
XLIII  of  “ Animaux  Fossiles  et  Geologie  de  FAttique.” 

Fig.  5.  Helladotherium  duvernoyi  (Gaud,  and  Lart.)  Metacarpal ; Pikermi : copied  from  plate 
XLIII  of  “Animaux  Fossiles  et  Geologie  de  PAttique." 

Fig.  6.  Bramatherium  perimense,  Falc.  Proximal  phalangeal ; Perim  Island.  (Ind.  Mus.,  No. 
B.  271.) 

Fig.  7.  Hydaspitherium  megacephalum,  Lyd.  Left  calcaneum ; collected  by  Mr.  Theobald  in 
the  Siwaliks  of  the  Punjab.  (Ind.  Mus.,  No.  B.  284.) 

Fig.  8.  (?)  Hydaspitherium  grande,  Lyd.  Proximal  phalangeal ; collected  by  Mr.  Theobald  in 

the  Siwaliks  of  Niki  in  the  Punjab.  (Ind.  Mus.,  No.  B.  172.) 

Fig.  9.  Sivatherium  giganteum,  Falc.  and  Caut.  Proximal  phalangeal  of  the  hind  foot; 

collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Kangra  District.  (Ind.  Mus., 
No.  B.  270.) 

Figs.  10  Hydaspitherium  megacephalum,  Lyd.  Associated  left  metacarpal  and  proximal  phalan- 
& 11,  geal ; collected  by  Mr.  Theobald  in  the  Siwaliks  of  Niki  in  the  Punjab.  (Ind. 
Mus.  No.  B.  276.) 

Figs.  1,  2,  3,  4,  5,  10, 1 natural  size ; the  others  | natural  size. 
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PLATE  XVIII. 

Fig.  1.  (?)  Hydaspitherium  grande,  Lyd.  Right  calcaneum ; collected  by  Mr.  Theobald  in  the 
Siwaliks  of  the  Punjab.  (Ind.  Mus.,  No.  B.  370.) 

Fig.  2.  (?)  Vishnutherium  iravadicum,  Lyd.  Part  of  a sixth  cervical  vertebra,  viewed  from  the 
left  side ; collected  by ' Mr.  Theobald  in  the  Siwaliks  of  Asnot  in  the  Punjab. 
(Ind.  Mus.,  No.  B.  373.) 

Fig.  3.  Hydaspitherium  megacephalum,  Lyd.  Second  and  third  left  upper  true  molar  ; collected 
by  Mr.  Theobold  in  the  Siwaliks  of  the  Punjab.  (Ind.  Mus.,  No.  B.  135.) 


Figs.  1 one-half  the  natural  size ; figs.  2 aud  3 natural  size. 
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PLATE  XIX. 


(?)  Hydaspitherium  megacephalum,  Lyd.  Right  ramus  of  the  mandible,  viewed  from  the 
outer  side ; collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab.  (Ind.  Mus. 
No.  B.  142.)  Natural  size. 

Owing  to  a misconception  on  the  part  of  the  Artist  only  the  horizontal  ramus  of  this  specimen  has  been  figured, 
instead  of  the  nearly  complete  ramus  as  stated  in  the  text. 
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PLATE  XX. 


(?)  Hydaspitherium  grande,  Lyd.  Left  ramus  of  the  mandible,  viewed  from  the  outer  (fig. 

1)  and  inner  (fig.  2)  sides ; collected  by  Mr.  Theobald  in  the  Siwaliks  of  the  Punjab. 
(Ind.  Mus.,  No.  B.  151.)  Natural  size. 
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PLATE  XXL 

Fig.  1.  Sivatherium  giganteum,  Falc.  and  Caut.  First  or  second  left  upper  true  molar ; collected 
by  Mr.  Theobald  in  the  Siwaliks  of  the  Kangra  district.  (Iud.  Mus.,  No.  B.  163.) 

Fig.  2.  Hydaspitherium  grande,  Lyd.  Second  left  upper  true  molar ; collected  by  Mr.  Theobald 
in  the  Siwaliks  of  the  Punjab.  (Ind.  Mus.,  No.  B.  155.) 

Fig.  3.  Sivatherium  giganteum,  Falc.  and  Caut.  Part  of  left  ramus  of  the  mandible  of  a fawn, 
showing  third  and  fourth  milk-molars,  and  part  of  first  true  molar  ; from  a specimen 
collected  in  the  Siwaliks  near  Rurki.  (Ind.  Mus.,  No.  B.  341.) 

Fig.  4.  Hydaspitherium,  Sp.  Part  of  right  ramus  of  the  mandible  of  a fawn,  showing  third  and 
fourth  milk-molars  ; from  a specimen  collected  by  Mr.  Theobald  in  the  Siwaliks  of 
the  Punjab.  (Ind.  Mus.,  No.  B.  149.) 


All  the  specimens  are  drawn  of  the  natural  size. 
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PLATE  XXII. 


Sivatherium  giganteum,  Falc.  and  Caut.  Sixth  cervical  vertebra*  viewed  from  the  preaxial 
aspect;  from  the  Siwaliks  of  the  neighbourhood  of  Rurki.  (Ind.  Mus.,  No.  B.  374.) 
Natural  size. 
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PLATE  XXIII. 


Fig.  1.  Hemimeryx  blanfordi  (?),  Lydekker.  Left  lower  true  molar,  in  an  early  stage  of  wear, 
viewed  from  the  grinding  surface.  (No.  B.  90,  Ind.  Mus.) 

„ 2.  Agriochjerus  (?)  sp.  Left  upper  true  molar,  scarcely  touched  by  wear,  viewed  from  the 

grinding  and  inner  aspects.  (No.  B.  94,  Ind.  Mus.) 

„ 3.  Hyopotamus  pal^eindicus  (?)  Lydekker.  Third  left  lower  true  molar,  wanting  the  third  column, 

in  an  intermediate  stage  of  wear,  viewed  from  the  grinding  and  inner  aspects.  (No.  B.  84 
Ind.  Mus.) 

„ 4.  Hyopotamus  paueindicus,  Lydekker.  Right  upper  true  molar,  in  a very  early  stage  of  wear, 

viewed  from  the  grinding  surface.  (No.  B.  83,  Ind.  Mus.) 

,,  5.  Hemimeryx  blanfordi,  Lydekker.  Left  upper  true  molar,  in  a very  early  stage  of  wear, 

viewed  from  the  grinding  surface.  (No.  B.  89,  Ind.  Mus.) 

„ 6.  Hyopotamus  paljeindicus,  Lydekker.  Left  upper  true  molar,  in  an  intermediate  stage  of 

wear,  viewed  from  the  grinding  surface.  (No.  B.  82,  Ind.  Mus.) 

„ 7.  External  aspect  of  fig.  4. 

,,  8.  External  aspect  of  fig.  5.:  the  figure  is  reversed,  the  points  of  the  lobes  should  have  been 
directed  downwards  as  in  fig.  7. 

,,  9.  External  aspect  of  fig.  6. 

,,  10.  Anthracotherium  silistrense,  Pentland.  Third  right  upper  true  molar,  in  an  early  stage 
of  wear,  viewed  from  the  grinding  surface.  (No.  B.  103,  Ind.  Mus.) 

,,  11.  Sivameryx  sindiensis,  Lydekker.  Right  upper  true  molar,  scarcely  touched  by  wear,  viewed 
from  the  grinding  surface.  (No.  B.  91,  Ind.  Mus.) 

„ 12.  Anthracotherium  silistrense,  Pentland.  Second  .right  upper  true  molar,  scarcely 
touched  by  wear,  viewed  from  the  grinding  surface.  (No.  B.  103,  Ind.  Mus.) 


All  the  specimens  were  collected  by  Messrs  W.  T.  Blanford,  and  F.  Fedden  in  the  lower  Manchhars 
(Siwaliks)  of  Sind,  and  are  represented  of  the  natural  size. 


[The  heading  of  the  plate  should  be  “ Tertiary  Vertebrata,”  in  place  of  “ Tertiary  Mammalia.”]. 
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PLATE  XXIY. 


. la.  Anthracotherium  silistrense,  Pentlan'd.  Part  of  the  right  ramus  of  the  mandible, 
showing  the  three  true  molars,  in  an  early  stage  of  wear.  Collected  by  Mr.  Theobald  in 
the  Siwaliks  of  the  Punjab.  (No.  B.  106,  Ind.  Mus.),  fig.  1,  viewed  from  the  grinding 
surface  ; la.  from  the  outer  side. 

!.  Anthracotherium  hyopotamoides,  Lydekker.  Part  of  the  right  maxilla  showing  the  third 
true  molar,  and  the  base  of  the  second.  Collected  by  Mr.  W.  T.  Blanford  in  the  lower 
Manchhars  (Siwaliks)  of  the  Bhugti  hills,  north  of  Sind.  (No.  B.  426,  Ind.  Mus.)  The 
specimen  is  viewed  from  the  grinding  surface,  and  the  one  remaining  tooth  is  but  slightly 
touched  by  wear. 

5.  Hyopotamus  giganteus,  Lydekker.  The  third  upper  true  molar  of  the  left  side,  in  an 
intermediate  stage  of  wear,  and  viewed  from  the  grinding  surface.  (No.  B.  427,  Ind.  Mus.); 
same  history  as  last  specimen. 

1.  Hyopotamus  paljeindicus  (?)  Lydekker.  Part  of  the  left  ramus  of  the  mandible,  showing 
the  bases  of  the  second  and  third  true  molars.  Collected  by  Mr.  Fedden  in  the  lower 
Manchhars  of  Sind,  and  viewed  from  the  outer  side.  (No.  B.  85,  Ind.  Mus.) 


All  the  specimens  are  represented  of  the  natural  size. 
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PLATE  XXV. 


Fig.  1.  Anthracotherium  hyopotamoide^  (?)  Lydekker.  Fragment  of  the  hinder  extremity  of  the 
right  ramus  of  the  mandible,  showing  a part  of  the  last  true  molar.  (No.  B.  430, 
Ind.  Mus.) 

„ 2.  Hyopotamus  giganxeus  (?)  Lydekker.  Portion  of  the  hinder  extremity  of  the  right  ramus  of 

the  mandible,  showing  the  last  true  molar.  (No.  B,  428,  Ind.  Mus.) 

„ 3.  Anthracotherium  hyopotamoides  (?)  Lydekker.  Fragment  of  the  middle  portion  of  the 

right  ramus  of  the  mandible,  showing  a part  of  the  first,  and  the  whole  of  the  second 
true  molar.  (No.  B.  429,  Ind.  Mus.) 


All  the  specimens  were  collected  by  Mr.  W.  T.  Blanford,  from  the  lower  Manchhar  rocks  of  the 
Bhugti  hills,  to  the  north  of  the  Sind  frontier,  and  are  represented  of  the  natural  size.  Fig.  2 is  viewed 
from  the  outer  aspect ; while  figures  1 and  3 are  viewed  obliquely  from  both  the  upper  and  outer  aspects. 


[The  heading  of  the  plate  should  be  “Tertiary  Vertebrata,”  in'place  of  “ Tertiary  Mammalia.”] 
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PLATE  XXVI. 


Carnivora  — Mustelidce. 

1-4.  Mellivora  sivalensis,  Falc.  and  Caut.  Four  views  of  a cranium  from  the  Siwaliks  ; 

British  Museum  (No.  40,184)  j.  : fig.  1 parietal,  fig.  2 palatal,  fig  3 left  lateral,  fig.  4 
occipital  aspect 


T E R T I ARY 


VERTE  BRAT  A. 


Vol-ll.  Pl-.XXVL 


Geol:  Surv:  of  India. 


PLATE  XXVII. 

Carnivora  — Mustelidce. 

1.  Lutra  pal^eindica,  Falc.  and  Caut.  Palatal  aspect  of  cranium,  from  the  Siwaliks  ; British 

Museum  (No.  37,151). 

2.  2a.  Lutra  pal^eindica,  Falc.  and  Caut.  Left  ramus  of  mandible,  from  the  Siwaliks ; British 

Museum  (No.  37,152) ; fig.  2 from  the  outer,  2a  from  the  dental  aspect. 

3.  3a.  Lutra  bathygnathus,  Lyd.  Part  of  left  ramus  of  mandible,  from  the  Siwaliks  of  the 

Punjab  : Indian  Museum  (No.  D.  33) : fig.  3 from  the  inner,  3a  from  the  dental  aspect. 

4.  Lutra  bathygnathus,  Lyd.  Hinder  part  of  left  ramus  of  mandible,  from  the  Siwaliks  of 

the  Punjab  : Indian  Museum  (No.  D.  34) : from  the  inner  aspect. 

5.  Lutra  siyalensis  (Falc.  and  Caut).  Palatal  aspect  of  cranium,  from  the  Siwaliks : Museum 

of  Royal  College  of  Surgeons  (No.  777a.) 

C,  6a.  Mellivora  punjabiensis,  Lyd.  Anterior  part  of  right  ramus  of  mandible,  from  the 
Siwaliks  of  the  Punjab  : Indian  Museum  (No.  D.  20) : fig.  6 from  the  outer,  6a  from 
the  dental  aspect. 

7,  7a.  Mellivorodon  paueindicus,  Lyd.  Anterior  part  of  left  ramus  of  mandible,  from  the 

Siwaliks  of  the  Punjab:  Indian  Museum  (No.  D.  21):  fig.  7 from  the  outer,  7a  from 
the  dental  aspect. 

8.  Mellivorodon  pal^eindicus,  Lyd.  Hinder  part  of  left  ramus  of  mandible,  from  the  Siwaliks 

of  the  Punjab : Indian  Museum  (No.  D.  22),  from  the  outer  aspect. 


All  the  figures  natural  size. 
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PLATE  XXVIII. 

Carnivora  — Ursidce  ( Ursince ). 

Fig.  1-2.  Ursus  theobaldi,  Lyd.  Frontal  and  palatal  aspects  of  cranium,  from  the  Siwaliks  of  the 
Kangra  district : Indian  Museum  (No.  D.  17) 

,,  3.  Ursus  namadicus,  Falc.  and  Caut.  Part  of  right  maxilla,  from  the  Narbadas : British 

Museum  (No.  39,720),  j. 
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PLATE  XXIX. 

Carnivora  — TJrsidce  ( Ur  since). 

Fig.  1,  la,  lb.  Hyasnarctos  sivalensis,  Falc.  and  Caut.  Three  views  of  right  femur,  from  the 
Siwaliks : British  Museum  (No.  39,723):  fig.  1 from  the  anterior,  la  from  the 
posterior,  and  lb  from  the  inner  aspect. 

,,  2.  Ursus  spelasus,  Rosenm.  Right  femur,  pleistocene,  Europe  : anterior  aspect. 

,,  3,  3a  (?).  Ursus  namadicus,  Falc.  and  Caut.  Left  tibia,  from  the  Narbadas : British  Museum 

(No.  39,729) : fig.  3 from  the  anterior,  3a  from  the  distal  aspect. 


All  the  figures  ^ 7ialural  size. 


Geol:  Surv.  of  India  . 
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PLATE  XXX. 

Carnivora  — Ursidce  (Ur since). 

Fig.  1.  Hy^enarctos  paeeindicus,  Lyd.  Part  of  right  maxilla,  from  the  Siwaliks  of  the  Punjab  : 
Indian  Museum  (No.  D,  16). 

,,  2.  Hy^enarctos  punjabiensis,  Lyd.  Part  of  upper  cheek-dentition,  from  the  Siwaliks  of  the 

Punjab  : Indian  Museum  (No.  D.  6) : the  outline  represents  the  outer  aspect  of  the  teeth 
of  the  left.  side. 

,,  3 (?).  Hy^enarctos  padeindicus,  Lyd.  Right  upper  canine,  from  the  Siwaliks  of  the  Punjab  : 

Indian- Museum  (No.  D.  11). 

,,  4.  Undetermined  ursoid.  Lower  (?)  canine,  from  the  Siwaliks  of  Pegu ; Indian  Museum 

(No.  D.  18). 

,,  5.  Hyenarctos  sivalensis,  Falc.  and  Caut.  Left  upper  dentition  (canine  restored  from 

opposite  side)  of  type  cranium,  from  the  Siwaliks;  British  Museum  (No.  39,721). 


All  the  figures  natural  size. 
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PLATE  XXXI. 

Carnivora  — Ursidce  ( Ursince ). 


Fig.  1,  la.  Hy^enarctos  punjabiensis,  Lyd.  A nearly  complete  mandible,  from  the  Siwaliks  of 
Asnot,  Punjab:  Indian  Museum  (No.  D.  8):  fig.  1,  the  right  ramus  from  the  outer 
aspect;  la  from  the  dental  aspect:  the  left  ramus  is  drawn  in  outline,  and  the(canine  of 
the  right  side  in  fig.  la  is  restored  from  that  of  the  opposite  side. 

,,  2.  Hy^enarctos  (?)  palalindicus,  Lyd.  Part  of.  left  ramus  of  the  mandible  from  the  Siwaliks  of 
Jabi,  Punjab  : Indian  Museum  (No.  D.  10). 

,,  3.  Hy^enarctos  (?)  paljeindicus,  Lyd.  Part  of  right  ramus  of  probably  the  same  mandible  : 

from  the  Siwaliks  of  Jabi : Indian  Museum  (No.  D.  9). 


All  the  figures  natural  site. 
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PLATE  XXXII. 

Carnivora  — Ursidce  ( Ganince ). 


1.  la.  Canis  curvipalatus,  Bose.  A nearly  complete  cranium,  from  the  Siwaliks ; British 

Museum  (No.  -37,149) : 1 from  the  dental,  la  from  the  parietal  aspect. 

2.  Canis  sp.;  allied  to  C.  aureus.  A portion  of  the  right  maxilla  from  the  Siwaliks  : British 

Museum. 

3.  Canis  cautleyi,  Bose.  A portion  of  the  left  maxilla,  from  the  Siwaliks  of  Dadupur  : Indian 

Museum  (No.  D.  35). 

4 (?).  Amphicyon  pal^indicus,  Lyd.  Hinder  part  of  right  ramus  of  the  mandible,  from  the 
lower  Siwaliks  of  Sind  : Indian  Museum  (No.  D.  25). 

5,  5a  (?)  Amphicyon  pal^indicus,  Lyd.  Fragment  of  right  ramus  of  the  mandible,  from  the 

Siwaliks  of  Nurpur : Indian  Museum  (No.  D.  23) : 5 from  the  dental,  5a  from  the  outer 
aspect. 

6,  6a.  Canis  cautleyi,  Bose.  Hinder  portion  of  left  ramus  of  the  mandible,  from  the  Siwaliks  : 

British  Museum  (No.  40,181) : 6 from  the  dental,  6a  from  the  outer  aspect. 

7.  Canis  curvipalatus,  Bose.  Mandible  associated  with  cranium  represented  in  'fig.  1 : from 

the  dental  aspect.  British  Museum  (No.  37,149). 

8.  Amphicyon  pal^eindicus,  Lyd.  Second  (?)  right  upper  true  molar,  from  the  Siwaliks  of 

Kushalghar,  Punjab : Indian  Museum  (No.  D.  26). 


All  the  figures  natural  size. 
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PLATE  XXXIII. 

Carnivora  — Viverridce  and  Felidce. 


Fig. 


1,  la.  Viverra  BAKER#  Bose.  Cranium,  from  the  Siwaliks  : British  Museum  (No.  40,183):  fig. 

1 from  the  palatal,  la  from  the  frontal  aspect. 

2.  Viverra  bakeri,  Bose.  Part  of  left  maxilla,  from  the  Siwaliks : British  Museum  (No. 

40,180). 

3.  Viverra  durandi,  Lyd.  Palatal  aspect  of  cranium,  from  the  Siwaliks  : British  Museum 

(No.  M.  1,338). 

4,  4a.  ^Eluropsis  annectans,  Lyd.  Part  of  right  ramus  of  mandible,  from  the  Siwaliks  of 

Asnot,  Punjab:  Indian  Museum  (No.  D.  41):  4 from  the  dental,  4a  from  the  inner 
aspect. 


# All  the  figures  natural  size. 
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PLATE  XXXIV. 

Carnivora  — Hyamidce. 

Fig.  1,  2.  Hyaena  sivalensis,  Bose.  Palatal  and  frontal  aspects  of  cranium  from  the  Siwaliks 
British  Museum  (No.  37,133). 

,,  3.  Outer  surface  of  left  pm.  3 and  Pm-  4 of  same  specimen. 


All  the  figures  natural  size. 


PLATE  XXXV. 

Carnivora  — Ilycenidce. 

Fig.  1.  Hyjena  colvini.  Lyd.  Palatal  aspect  of  immature  cranium,  from  the  Siwaliks : Indian 
Museum  (No.  D.  45). 

„ 2.  Hyjena  colvini,  Lyd.  Palatal  aspect  of  cranium,  from  the  Siwaliks  : Indian  Museum  (No.  D. 

47)  : hinder  cheek-teeth  of  left  side  restored. 

,,  3 (?).  Hyaena  felina,  Bose.  Third  left  upper  incisor,  from  the  Siwaliks  of  the  Punjab  : Indian 

Museum  (No.  D.  55) : from  the  outer  aspect. 

,,  4.  Hyaena  colvini,  Lyd.  Fragment  of  left  maxilla,  from  the  Siwaliks  of  the  Punjab  : Indian 

Museum  (No.  D.  101). 

,,  5.  Hyaena  colvini,  Lyd.  Left  upper  carnassial,  from  the  Siwaliks  of  the  Kangra  district : Indian 

Museum  (No.  D.  46) : from  the  outer  aspect. 


All  the  figures  natural  size. 
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PLATE  XXXVa. 

Carnivora  — Hycenidce. 

Fig.  1,  la.  Hyaena  colvini,  Lyd.  Part  of  left  maxilla,  from  the  Siwaliks  : British  Museum  (No. 

37.139)  : fig.  1 from  the  palatal,  la  from  the  outer  aspect. 

„ 2,  2a.  Hyjena  felina,  Bose.  Part  of  right  maxilla,  from  the  Siwaliks : British  Museum  (No. 

37,138) : fig.  2 from  the  palatal,  2a;  from  the  outer  aspect. 

,,  3,  3a.  Hyaena  colvini,  Lyd.  Part  of  left  maxilla  from  the  Siwaliks  : British  Museum  (No. 

37.140)  : fig.  3 from  the  palatal,  3a  from  the  outer  aspect. 

,,  4.  Hyaena,  sp.  non.  det.  Part  of  right  maxilla,  from  the  Siwaliks : British  Museum  (No. 

37,137). 


All  the  figures  natural  size  ; reversed. 
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PLATE  XXXVI. 

Carnivora  — Uyoenidce. 

Fig.  1.  Hyaena  colvini,  Lyd.  Right  lateral  aspect  of  the  immature  cranium  represented  in  plate 
XXXV.,  fig,  1. 

„ 2.  Hy^na  macrostoma,  Lyd.  Right  lateral  aspect  of  the  cranium  represented  in  plate  XXXVII. 


Both  figures  § 7iatural  size. 
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PLATE  XXXVII. 

Carnivora  — Hycenidce. 

Figs.  1,  2.  Hy^na  macrostoma,  Lyd.  Upper  and  lower  views  of  cranium,  from  the  Siwaliks  of  Jabi, 
Punjab:  Indian  Museum  (No.  D.  44).  j. 
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PLATE  XXXVIII. 

Carnivora  — Hycenidce. 


Fig.  1.  Hyaena  felina,  Bose.  Part  of  left  ramus  of  immature  mandible,  from  the  Siwaliks  of  the 
Jamu  district:  Indian  Museum  (No.  D.  102). 

,,  2.  Hyaena  siyalensis,  Bose.  Hinder  part  of  right  ramus  of  mandible,  from  the  Siwaliks  of 

Asnot,  Punjab  : Indian  Museum  (No.  D.  53). 

,,  3.  Hyaena  colyini,  Lyd.  Hinder  part  of  left  ramus  of  mandible,  from  the  Siwaliks  of  Dadupur : 

Indian  Museum  (No.  D.  51). 

,,  4.  Hyasna  macrostoma,  Lyd.  Part  of  left  ramus  of  mandible,  from  the  Siwaliks  of  Jabi, 

Punjab  : Indian  Museum  (No.  D.  52). 

,,  5.  Hyaena  sivalensis,  Bose.  Left  ramus  of  mandible,  from  the  Siwaliks ; British  Museum 

(No.  16,555). 


All  the  figures  natural  size , and  viewed  from  the  outer  side. 
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PLATE  XXXIX. 

Caknivoba  — Hycenidce. 

1.  Hyaena  felina,  Bose.  Dental  aspect  of  specimen  represented  in  plate  XXXVIII.,  fig.  1. 

2.  2a.  Hyjena  felina,  Bose.  Part  of  right  ramus  of  mandible,  from  the  Siwaliks : British 

Museum  (No.  16,565) : fig.  2 from  the  dental,  2a  from  the  outer  aspect. 

3.  [})  Hyaena  felina.  Bose.  Part  of  right  ramus  of  immature  mandible,  from  the  Siwaliks 

Indian  Museum  (No.  D.  50). 

4.  Hyaena  colvini,  Lyd.  Dental  aspect  of  specimen  represented  in  plate  XXXVIII.,  fig.  3. 

5.  Hyaena  sivalensis,  Bose.  Dental  aspect  of  specimen  represented  in  plate  XXXVIII., 

fig.  2. 

6.  Hyjena  macrostoma,  Lyd.  Dental  aspect  of  specimen  represented  in  plate  XXXVIII., 

fig.  4. 

7.  Hyaena  sivalensis,  Bose.  Dental  aspect  of  specimen  represented  in  plate  XXXVIII., 

fig.  5. 


All  the  figures  natural  size. 
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PLATE  XL. 

Carnivora  — Felidce. 

Fig.  1.  Felts  cristata,  Falc.  and  Caut.  Superior  aspect  of  hinder  part  of  cranium,  from  the  Siwaliks 
British  Museum  (No.  49,176). 

„ 2.  Felis  cristata,  Falc.  and  Caut.  Right  lateral  aspect  of  hinder  part  of  very  large  cranium 

from  the  Siwaliks  : British  Museum  (No.  49,175). 


Both  figures  £ natural  size. 
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PLATE  XLI. 

Carnivora  — Felidce. 

Felis  cristata,  Falc.  and  Caut.  Palatal  view  of  cranium,  from  the  Siwaliks : Museum  of  Royal 
College  of  Surgeons  (No.  358).  |. 

o.  c.  occipital  condyle : c.  foramen  lacerum  posticum,  with  condylar  foramen  opening 
into  it : e.  eustachian  canal : o.  foramen  ovale : a.  m.  meatus  auditorius  externus : p.  par- 
occipital  process  : m.  mastoid  process  of  periotic  : p.  g.  post-glenoid  process  of  squamosal : 
z.  zygoma  : pal.  hinder  border  of  palatines. 


PLATE  XLII. 

Caenivoka  — Felidae. 

Felis  cristata,  Falc.  and  Caut.  Right  lateral  aspect  of  specimen  represented  in  preceding  plate  : -J- : 

letters  as  before.  The  dotted  line  representing  the  profile  of  the  parietal  region  should 
probably  have  been  straight. 
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PLATE  XLIII. 


Carnivora  — 'Felidae  and  Hycenodontidce. 

Figs.  1,  la.  Felis  brachygnathus,  Lyd.  Part  of  right  ramus  of  mandible,  from  the  Siwaliks  : 

British  Museum  (No.  16,573) : 1 from  the  external,  la  from  the  dental  aspect. 

,,  2,  2a.  Felis  brachygnathus,  Lyd.  Part  of  right  ramus  of  mandible,  from  the  Siwaliks : 
British  Museum  (No.  16,537):  2 from  the  external,  2a  from  the  dental  aspect. 

,,  3.  (?)  Felis,  sp.  non.  det.  Right  lower  canine,  from  .the  Siwaliks  of  the  Punjab  : Indian  Museum 

(No.  D.  77) : viewed  from  the  outer  side. 

,,  4,  4a.  Felis,  sp.  non.  det.  (allied  to  F.  pardus).  Part  of  left  ramus  of  mandible,  from  the  Siwaliks  : 

British  Museum  (No.  16,537,  a):  4 from  the  external,  4a  from  the  dental  aspect. 

„ 5.  (?)  Hyjenodon  indicus,  Lyd.  Third  left  lower  true  molar,  from  the  Siwaliks  of  the  Punjab  : 

Indian  Museum  (No.  D.  76) : outer  aspect. 

,,  6.  (?)  Hy^enodon  indicus,  Lyd.  Hinder  lobe  of  third  right  lower  true  molar,  from  the  Siwaliks 

of  the  Punjab  : Indian  Museum  (No.  D.  76,  a) : outer  aspect. 

,,  7,  7a.  Felis,  sp.  non.  det.  (allied  to  F.  lynx).  Part  of  left  ramus  of  mandible,,  from  the  Siwaliks 

of  Jabi,  Punjab  : Indian  Museum  (No.  D.  90):  7 from  the  external,  7a  from  the  dental 
aspect. 

„ 8.  Mach.erodus  pal.eindicus,  Bose.  Part  of  right  ramus  of  mandible  of  a female,  from  the 

Siwaliks  : British  Museum  : from  the  dental  aspect. 

„ 9.  Mach^rodus  pal^eindicus,  Bose.  Third  left  upper  incisor,  from  the  Siwaliks  of  Asnot, 

Punjab  : Indian  Museum  (No.  D.  104)  : from  the  inner  aspect. 

„ 10.  Feline.  Proximal  phalangeal  of  a large  species,  from  the  Siwaliks  of  the  Punjab:  Indian 

Museum  (No.  D.  86). 

,,  11.  (?)  Felis  cristata,  Falc.  and  Caut.  Anterior  aspect  of  distal  extremity  of  right  humerus, 

from  the  Siwaliks  : British  Museum  (No.  37,146). 


All  the  figures  natural  size  : fig.  3 is  represe?iied  as  if  belonging  to  the  upper  jaw. 
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PLATE  XLIY. 

Carnivora  — Felidce. 

Fig.  1,  la.  Macelerodus  sivalensis  (Falc.  and  Caut.).  Right  maxilla  of  a cub,  with  milk  dentition, 
from  the  Siwaliks  : British  Museum  (No.  16,350). 

,,  2.  Macilerodus  sivalensis  (Falc.  and  Caut.).  Left  maxilla,  from  the  Siwaliks : British  Museum 

(No.  39,730). 

„ 3.  MachjErodus  pal^eindicus,  Bose.  Distal  extremity  of  left  ramus  of  mandible  of  a male, 

from  the  Siwaliks  : British  Museum  (No.  48,436)  : from  the  outer  aspect. 

,,  4,  4a.  Mach^ero'dus  sivalensis  (Falc.  and  Caut.).  Part  of  left  ramus  of  mandible,  from  the 

Siwaliks  : British  Museum  (No,  16,557)  : fig.  4 from  the  outer,  4a  from  the  dental  aspect. 

,,  5.  Macilerodus  sivalensis  (Falc.  and  Caut.).  Part  of  right  ramus  of  mandible,  from  the 

Siwaliks  of  the  Rurki  district;  Indian  Museum  (No.  D.  100) : from  the  outer  aspect. 

„ 6.  Mach^rodus  sivalensis  (Falc.  and  Caut.).  Part  of  right  upper  canine,  from  the  Siwaliks 

of  the  Punjab  : Indian  Museum  (No.  D.  105)  : from  the  postero-external  aspect. 

,,  7,  7a.  ^Elurogale  sivalensis,  Lyd.  Right  ramus  of  mandible,  from  the  Siwaliks  of  the 

Punjab  : Indian  Museum  (No.  D.  95)  : 7 from  the  outer,  7a  from  the  dental  aspect. 


All  the  figures  tiatural  size. 
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PLATE  XLY. 

Carnivora  — Felidae , Hyoenidce , and  Mustelidce. 

1 . (?)  Felis  (cfi.  cristata ).  Proximal  extremity  of  right  ulna  , from  the  Narbadas : Indian  Museum 

(No.  D.  74) : viewed  from  the  external  (preaxial)  aspect. 

2.  Feline.  Distal  half  of  right  femur  of  a'  large  species  ; possibly  M.  sivalensis  ; from  the 

Siwaliks  of  the  Punjab  : Indian 'Museum  (No.  D.  78) : from  the  anterior  aspect. 

3.  3a.  Lutra  sivalensis  (Falc.  and  Caut.).  Part  of  right  ramus  of  mandible,  from  the  Siwaliks  : 

Ipswich  Museum : 3 from  the  outer,  3a  from  the  dental  aspect. 

4.  Feline.  Patella  of  a very  large  species,  from  the  Siwaliks  of  the  Punjab  : Indian  Museum 

(No.  D.  79) ; from  the  anterior  aspect. 

5.  (?)  Felis,  sp.  non.  det.  Left  upper  canine,  from  the  Siwaliks  of  Asnot,  Punjab  ; from  the  inner 

aspect:  Indian  Museum  (No.  D.  40).  Equal  in  size  to  F.  serval. 

6.  (?)  Felis,  sp.  non.  det.  Right  calcaneum  of  a species  equal  in  size  to  F.  pardus,  from  the 

Siwaliks  of  the  Punjab  : Indian  Museum  (No.  D.  80). 

7.  (?)  Felis,  sp.  non.  det.  Left  calcaneum  of  a species  about  equal  in  size  ,to  F.  lynx  ; from  the 

Siwaliks  of  the  Punjab:  Indian  Museum  (No.  D.  91). 

8.  9,  9a.  Lepthy^na  sivalensis,  Lyd.  Portions  of  a mandible,  from  the  Siwaliks  of  Asnot, 

Punjab:  Indian  Museum  (No.  D.  38):  fig.  8 part  of  light  ramus  from  the  inner 
aspect ; figs.  9,  9a  part  of  left  ramus  from  outer  and  dental  aspects. 


All  the  figures  natural  size. 
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